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as for the Pass courses of Degree Classes of the Universities. I 
cannot, at this stage, assess how far I have been successful in my 
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feel obliged to receive any suggestion fcr a further improvement of 
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INTRODUCTION 


1, Senses and Kaowledge :—If a red ball is 
baby, he would stretch his little hand to ge* hold p mks tt 
is because the baby likes the colour of the ball and tries fo catch 
it. If it is given to him, very often he would try to put the ball 
into his mouth. This simple observation proves that from infancy 
we are apt to use our limbs to gain experience of the material 
world. These experiences are given to us by senses of touch, hearing, 
sight, smell and taste. : 


The happening of anything is called an event. The presentation 
ot the ball to a child is an event. So long as we are little children 
the power of understanding remains in us in an undeveloped stage and 
such events do no5 rouse our inquisitiveness. We may like or dislike 
an event almost spontaneously. But as time goes on, our mind becomes 
more developed and we grow more and more curious about things and 
matters around as. As an illustration, a boy may casually notice that 
on а summer afternoon, the atmosphere becomes suddenly very 
stuffy, dark clouds appear in the sky and a storm follows almost 
immediately. In observing this event, it is very natural for the boy 
to put the question to his elders ae to why a storm takes place. By 
observing a solar eclipse, he might very likely be led to think what 
wonderful an eclipse is and why it takes place. 

With further growing cf age, when we go to school and learn to 
read and write, our mind is then capable of а better reasonicg and 
understanding. Аб this age, an event happening before the eyes might 
make us think about its nature of occurrence. The mind then tries 
to analyse the nature and cause of the event and in Coing £0 our 
stock of knowledge increases. We beccme gradually familiar with a 
few modern machines. Railway locomotives, motor cars, steam voreole, 
electric tram cars, radio and electric amplifers and various other objects 
attract our attention. This is just the time when the mind is cet io 
work for analysis. At this stage wo may not be satisfied with a mere 
description but we might even be tempted to see for ourselves the 
details of the working of the machinery. Thus, a tendency to study 
a machine and its mode of operation grows In Ur. The mind is then 
seb ready to accept some systematic knowledge of an event. 

2, Aim of Experiments in Sciences :—Tt is an observed fact that 
every natural or man-made event has a cause behind it and similar 
conditions put together always ртсйссе an identical result. It can, 
therefore, Le inferred that the occurrence of an event is guided © 
always by в definite law of ratore. A systematio study of an event 
gives us 8 knowledge regarding the laws of nature working 
behind it. For example, water on being heated sufficiently always 
boils з 07 when & body is raised to a height and then released, it 
falla down 00 tho ground. These are natural events. .To study any 

{реке wo hava to Observe under what conditions a similar 


p. P/L 


one ol 
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thing occurs. The act of combining together a number of condi- 
tions with a view to verify an observed fact, is called an 
experiment. To study the boiling of water, the act of putting 
water in a vessel and then heating it is an illustration of an 
experiment. Every experiment should be studied intimately from 
the beginning till the result is obtained. А study of ап experiment 
and the collection of data taken during the expriment is 
called an observati’n. An intimate observation g' ves us information 
about the successive stages of an experiment. When observation 
is finished, we arrive at a result of the experiment. A logical 
interpretation of the result is called an inference. Therefore, 
every experiment is closely associated with ап observation and 
is followed by an inference. A student of science while making 
an experiment should never be guided by any bias or prejudice. 
Suppose that he is required to measure the length of a rod. 
In his first attempt he finds the length to be exactly 8 inches. 
He should always keep it in mind that the length, he has obtained, 
depends upon the placing of the scale and the manner of taking the 
readings. He should start with an open mind that the length of 
the rod under observation might be 8 inches or slightly greater or 
slightly less than 8 inches. Every precaution must be taken to 
record very accurate readings eliminating all possible sources of 
errors. In every experiment we get a few correlated conditions and 
a result, Thus, the object of an experiment is to correlate a few 
conditions producing an event and thereby to analyse by a result 
the law of nature guiding that event, 


3. Nature of Experiments :—We can devise soma experiments for 
popular demonstrations as well as for laboratory study. In the former 
case we may only show the conditions or factors producing an 
event, Thus, by heating water to the boiling point, we demonstrate 
that water boils on being heated, The purpose of a laboratory 
experiment is to have a deeper insight into the matter for which we 
have to make experiments with finer apparatus and determine 
each factor in exact proportion. Thus if we weigh a quantity 
of water in a balance ani note its initial temperature with & 
thermometer, then on raising the liquid to the boiling point and 
determining its final temperature we can exactly calculate how 
much heat Would have been necassary to raise the given amount 
of water to its boiling point. Here we geb a quantitative 
relation between the amount of heat, the amount of water 
nae the iw of temperature in the particular experiment. There- 
Nu LEN law is most intimately known when we can exprets 
e a ibl x] quantities involved in exact proportion and this is 
only possible by careful and accurate experiments 

4, Essentials of Experi ion ў 
оо ни os has already bcen etated 
laws governing an event, A ) ünd or verify some physical 
to be established by an rA ee of the principle 

; riment is called the theory of 
the experiment. Therefore, once the theory of an experiment is je ud 


— 
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we are in a position to select the type of the experiment to carry 
on, Ordinary laboratory experiments are designed for the verification 
of certain laws already discovered by original workers. 


Before commencing any experiment a beginner should be 
thoroughly conversant with its theory; that is. he must know what 
he is goiog to verify or establish. Experimentation has no meaning 
unless the worker has got some definite object in view. A student 
possesses a justification of doing an experiment only when he has 


,Erasped the theory weli, 


To put a theory to an experimental test, suitable apparatus are 
required. In order to ba able to handle the apparatus in a proper 
way, the worker must have to know the purpose of each of the 


apparatus required for the experiment and its mode of operation, 


Ignorance or. carelessness in handling an apparatus might damage 
the apparatus, resulting in a complete failure of the experiment. 

After the apparatus have b2en fitted up, the experiment is started 
and observations are recorded systematically in a note book, A 
candidate desiring to perform a successful experiment must be all 
attentive and vigilant while making observations and recording them, 
Because some effects during observation might be momentary and a 
few others too faint to escape a careless eye. 


When observation is finished and readings are collected, necessary 
calculations are made to arrive at the result. Sometimes a graph 


1з to be drawn to show the relation between two varying quantities. 


Thus, we derive a conclusion from the result of the experiment. 
Tho calculated result on being compared with the standard result 
shows a slight or large variation in proportion to the degree of 
Accuracy attained during observation, The following are the 
Principal sources of errors in an experiment with the methods of 
eliminating or minimising them. 


9. Errors of Observation :—In carrying out an experiment we 
have to record some observations as indicated by the apparatus 
used in connection with the experiment. In recording such observa- 
tions we always make their estimates by our senses such as eyes, 
ears, fingers etc, The response to these senses varies slightly 
from a person to a person and it is never parfect So every 
maasuremant, however carefully made, is liable to some inaccuracy 
depending upon errors of observation. Of these scme can be 
eliminated because they arise from causes which can be controlled 
by the worker with his experience and skill. For example, 
it is well-known that a very hot body placed in air produces 
around it streams of air moving upwards, which is usually known 
88 convection current, A convection current of air would naturally 
disturb the equilibrium of the pans of a physical balance. 
An attempt to weigh a hot body in air will nob therefore give a 
correch weight. Tae error can be avoided by allowing the body to 
cool before weighing. Some apparatus are to be levelled before use and 
some screws are to be turned in ona direction to avoid certain 
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errors in measurements, Such types of errors wovld ba dealt with 
in proper places of the book, 

A few other sources of errors cannot altogether be avoided buf 
can be minimised to a great extent. As already stated, our estima 
tion in any measurement is accurate upto a certain limit beyond 
which any attempt at a greater accuracy is untrustworthy. For 
example, in measuring the length of a rod with a millimetre scale, 
one can possibly measure with eye-estimation its length correct to 
half or quarter of a millimetre, If its true length be, say, 20'365 
millimetres and if a number of measurements be taken, some of the 
readings might probably be very nearly 20'5 mm., ie.. a little higher 
than the true value and a few others might be about 20°25 mm., 
i.e., а little less, If a good number of readings be taken they would 
be such that their arithmetic mean is very nearly equal to the 
actual length. The larger is the number of readings taken, the 
nearer ia their mean to the true value or the most probable value, 

A third source of errors may be due to the imperfections of the 
appiratus supplied. The error is then systematic and can only be 
detected either by comparing the apparatus directly with a standard 
apparatus or by observing a systematic discrepancy of the result 
arrived at with the standard result. By observing a discrepancy in 
fhe result, we should not abruptly conclule that the apparatug 
supplied is wrong. Such a decisive conclusion might follow when all 
other sources of errors are minimised or eliminated completely, 


6. Influence of Errors oa the Experimental R: sults :— 
In almost all experiments the final results are found by calcula- 
tion from в number of quantities directly observed during experi- 
ment. It is evident then that any error committed in recording 
one or more quantities would creep into the calculation and would 
affect the final result. Let us suppose that the most accurate result 
of an experiment is X. Bub due to some errors, we bave found a 
value Ху. Then X,—X is the error for a value of X. Thus tho error 
for unit value із (Х,—Х)/Х, Tho amount of error, assuming the 
standard result to be 100, is called the percentage of orror, Thig 
will evidently to 100 (X, — X )/X in the above illustration. The per- 
centage of error is positive or negative according as X, is greater 
or less than X, 

Measurement of larger quantities with equal skill generally 
involves a smaller percentage of error. For example, suppose that in 
measuring the length of a rod of length 50 em., а person makes an error 
of а 0'1 em. in reading the length. The percentage of error* is then 
25592 == 0'99. Itin reading a length of 10 cm. he makes an equal error 
of 0'1 cm. the percentage of error becomes 219% = 4%, Thus, for 
an equal amount of error, the larger is the quantity to be measured 
the smaller is the percentage of error. Thus, to eusure accuracy in 


*When a largo number of readings is taken for any measurement, the most 
probable error and jhe mean error may be found by calculation from the theory 
of probabiliti:s. As this is usually done in standard experiments and in rescarch 
works, it is outside the ғсоре of this book. A mechanical Precess of oaloulatin, 
these errors із howey-r embodied in the Apps:dix 1 at tho ond of this Book, ы 
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resulis, smaller quantities should be measured with a greater preci- 
sion than largar quantities. One hundred minus the percentage 
error is called the percentage accuracy. Thus an error of 5% is 
equal to an accuracy of 95%. 

Experiments often involve measurements of small lengths, small 
masses and short periods of time. For this reason we require very 
sensitive apparatus capable of measuring lengths accurate upto one 
hundredth part or even one thousandth part of a centimetre. This 
is attained practically by means of а vernier scale, a micrometer 
Serew-giuzo ог a spherometer. Delicate balances can be used to 
Weigh a boly accurately upto a thousandth part of a gram, Time 
бап bo measured with a preciaioa stop-watch upto one-six- hundredth 
Part of a minute. Tho percentage accuracy in measurements can be 
Pushed higher with apparatus of higher precision. 


7. Relative Accuracies of Readings and Calculated Results :— 
Every  oxporimoan5 involves the recording of a few readirgs and 
the apparatus used ia each experiment provide facilities of some 
Order of accuracy with which these readings can be taker. For 
example, in moasuring the density of a solid, we have to find its volume 
and mass, Suppose that we are supplicd with a graduated cylinder 
having graduation of 0'5 c.c. and a physical balance with a woight- 
box having ‘01 gm. az the minimum weight. 

. The worker at this stage ought to know the relative accuracy 
with which the measurements of volume and mass are to be taken, 
Buppose that by applying the displacement of water met od, the 
Volume of the body is found t£» be 10°5 c.c. It is quite probable 
that however accurately he might have measured the volume with a 
0'5 c.c, graduated cylinder, there might be an error of + 0°25 c.c. or 
80 in reading the given volume. Hence the percentage error in 
Volume determination is 20% or a percentage accuracy of 97555. 
Tt is of no wse then to measure the mass of the the body with an 
accuracy greater than 975% in this particular experiment. Further 
suppose that a rough determination of the mass of the body gives 
nearly 27 gm. To secure the required percentage of accuracy the 
body need not be weighed more accurately than 05 gm. which nearly 
equals an error of +2'5% So measurement af mars of the body 
to tho nearest decigramme is quite sufficient for this experiment. 
Let the measured mass of the body be 27'6 gm. 

Thus, the mass of the body of 27 6 gm., and its volume of 10'5 c c. 
being measured, the density is row to be ca'culated. Since both are 
expressed to three arithmetical figures, the value of density should slso 
be expressed to three significant figures ; that is, its value is %'63 gm. 
per c^. Here the accuracy of the final result fs also about £7 5% 
and with such an order of accuracy any digit in third place of 
decimals cannot be truly accartained. The idea of relative accuracy 
in reading various quantities in an experiment would be more and 
more clear with experience in measurements. 


8. Conduct w'thin La yorato'y ; —It will not be out of place to 
mention cer5ain general conduct which should be maintained by 
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every worker in the laboratory, A student in the Practical Olass 
should always behave in the Laboratory in such a manner as to 
offer maximum facility to all other workers. To secure this object 
silent work is essential. The stock of a laboratory is limited and 
во 16 cannot possibly maintain more than one ог two pieces of 
each apparatus and, therefore, a certain round of experiments 
is fixed up by teachers in the laboratory for a particular batch 
of students, so that each worker gets an opportunity of doing an 
experiment in its proper turn. Each student should utilise his or 
her turn in the best possible way as otherwise the systematic cycle 
of work is sure to be dislocated. A few other instructions are also 
given herewith for a smooth running of the Practical work. 


(i) Report any breskage or loss of the apparatus immediately to 
the Head of the Laboratory so that the apparatus may be replaced or 
repaired for the next batch. (ii) Do not allow water, salt colution 
merc;ry or acid to come in contact with the metal parts о, 
the apparatus ; apparatus so soiled should be wiped clean with a 
piece of cloth, dried and smeared with vaseline. (iit) Do nos 
dismantle any apparatus unless required to do so, (iv) Do not 
scratch or disfigure benches, working tables, etc. (v) Do not throw 
water or acid on the floor, bub do it into sinks or basins. (vi) Do 
nos meddle with electric switches and taps. (vii) Do not take your 
seas on the working tables. (viii) Do not short-circuit the poles 
o} the cells and batteries. 


9. General Instructions for Laboratory Works:—It is 
needless to say more than once that before attempting to do 
any experiment in the laboratory a student must thoroughly be 
conversant with the theory of the experiment, the method of pro- 
cedure and recording of observations. Observations should be tabu- 
lated under various columns. A tabulated chart always facilitates а 
comparative etudy of the collected data. 

A student must have two Practical Note Books. Of these, the 
one called the Rough Practical Note Book is an ordinary Exercise 
Book and is meant for recording observations in the latoratory 
daring the course of experiment. After the recording is finished the 
neceasary calculations are made on the same book to get the result. 
Since the success of an experiment depends primarily on the accu- 
racy of the result arrived at, it is always advisable to calculate the 
result of an experiment before taking up the next, The other note 
book, called the Fair Note Book, has got a standard size and is 
meant for a neat entry of the experiments with fuller details, Each 
loaf of this book is blank on one side and ruled on the other, with 
some marginal space. The Fair Note Book is kept ab home and is 
pre-ented from time to time to the Laboratory for inspection and 
signature of the Teacher in charge, It should be the motto of a 
student to write oub the experiment in this bcok as soon as possible 
after he has done it successfully in the laboratory. 

10. Recording of Experiments:—In the Roush Practical 
Note Book, which is meant for recording Обаган дав in the 
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labo:atory, write the Date on which a particular experiment із 
parformol at the top of the page. Below this, enter the Number 
and Nama of the experiment. Then under the heading Theory, 
state only the working formula with an explanation of the various 
Quantities or symbols occurring therein. The deduction of the formula 
and othor details are nos nicessary. As the Sub-headings stated above 
heir no dirach coanection with the experimental ^ procedure, 
you суп conveniently enter them into the Rough Note Fook while 
miking theovetical preparation for the experiment before comirg 
to the laboratory. f 

Under the heading Resnlt, post each reading during the progress 
O! the experimentin a tabulated chart. Readings should generally 
bo expressed in terms of decimal fraction with proper units. 

Or any measurement take a number of readings ( usually three to 
five) and find their mean value, which represents the reading for 
that observation. After finishing the experiment, calculate the re- 
Sul) i» its proper unit and compare it with the standard result. 
Draw the graph, wherever necessary, On & squared paper. Before 
taking up another experiment show your data end calculated result 
to the Teacher in chargo for his inspection and remarks, Other 
things being in order, if your observed result is acceptable within 
the limits of experimenial error you would get a change over to the 
nəxt expariment. Avoid uso of loose sheets of paper for recording 
Observations or use of orasers to obliterate any inaccurate reading. 

trike out with a scratch any inaccurate or improbable reading 
whioh might have boen recorded. Such a reading when examined 
ay on gives an idea of the amount of variation from the probable 
Seb of readings. 
he i оа of an experiment in bhe Fair Note Bock should ba 
In greater details аз enumerated below : 

11. Date and Hestllag of the Experiment :—Tho date on 
Which the experiment is done is to be put down within the marginal 
apace at the top. Tho name of the experiment should be written 
In block types. 

Theory The theory should be skort including в statement о 
the mathematical formula used. The different symbols in the for 
mula should be explained but its proof may not be necessary. iet 

Apparatus—A list of the apparatus used, together with a brie 
description of each, may be given. A sectional diagram showing 

9 arrangement of the apparatus should be drawn on tho left-side 
plenk pago and its various parts should be lettered for re'erence 12 
@scription. 

RU of Procedure—A у stematic account of the manner 


dent in the Fair Nota 
т hod of procedure, mado by a student i ta 
Boon, betes Ma m а in ihs passive 10220. Although it Du Cr pi 
own "work, tho statements “т did it, I observed it eto.” do not hear 

h I Tu se oharra SA exp riment in this book is a direction giver 


Ё eac: i 8 1 
by Pera 5 6 роса the sentences are in active тосе de hoped em 
tho students would turn such centences into passive voice and e 


Fair Note Book, 
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in which the experiment is carried out should be given together 
with the various precautions taken to avoid or minimise sources of 
errors of observations. 


Experimental Results —Readings should be recorded in tabu- 
lar forms with corresponding units* Even individual reading should 
be recorded and the mean value should be shown in a separate 
column. It is advisable to use the Logarithmic Table in making 
calculations and to show such calculations on the left-side page. 
Results with proper units should be expressed in decimals upto a 
few places according to the order of accuracy attained in the experi- 
ment, Graphs should be drawn wheraver needed. 


Discussions—This should include а discussion of the various of 
errors which might have crept in during ozperimental observations 
and of the percentage of error of the result arrived at. Any 
incidental inaccuracy or any defect with the apparatus supplied 
should also be stated, if found. 


—— 


CHAPTER I 
FUNDAMENTAL MEASUREMENTS 


1,1, Units of Msasuremints :—Ucits are broadly divided into 
two kinds,—Fundamentel and Derived. A fundamental unit is 
one which stands by itself and is not dependent on any other thing, 
A derived unit, on the other hand owes its existence on fundamental 
units. The fundamental units are units of length, mars and time. 
In measuring each of the fundamental units tome definite and 
convenient quantity of the same }ird is chosen as the standard 
in terms of which the quantity as a whole is estimated. This is called 
the unit for that particular quantity. There are broadly two systems 
of units; the Metric or C. G. S. ( centimetre, gramme, recond ) 
units and the British or F. P. S. (foot, pound, second ) units.t 


Units of Length— The standard unit of length on the C, G. 8, 
system is called the metre, The length of & metre has been inter- 
nationally „accepted as the distance between the ends of a certain 
rod of platinum-iridium which is preserved at the Archives de Paris 
at a temperature of 0*0. Once this length is accepted as a metre, 
the unit becomes fixed all over the worló.** Laboratory metre scales 
are compared with such a standard metre or a substandard before 


= 


* Tabular forms wherey.r possible have been embodied in the book, 


1 Before s'arting to read thi: artisle, a student should better consuli a standard 
Textbook regarding Units and Measurement. For reference vide Basu & Ohatterjee's 
Intermediate Physics, Vol. I, General Physice Aris, 4,5 & 6. 

"'In a Science Convention held in 1960, a Metre has bern redefined by 
International Agreement ав 1,560, 769773 wavelengths of orange.red S[O'tr =m line 
of the element krypton, 
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graduation, For measuring small distances or lengths, sut-multiples- 
of a metre are used as given in the following table. 


1 metre (m) =10 deoimetres (dm.) 
1 decimetre =10 centimetres (cm.) 
1 centimetre =10 millimetres (mm. 

Thus 1 metro=100 centimetres = 1000 millimetre: 

Very large distances are measured in terms of a kilometre (km.) 
which is equal to 1000 metres. 

The standard unit of length on the F. P. S system is the 
British Imperial Yard whizh is defined as the straight distance bet- 
ween the centres of two transverse lines on two gold plugs on a 
bronza bir аб a temperature of 62°F preserved at the Office of the 
Exohequer, London. Submultiples of a yard are the following : 

1 yard=3 feet (ft.); 1 foot = 19 inches (in) 
Thus 1 yard = 36 inches. 
Largo distances gre measured in terms 


to 1730 yards. 
The C. G. S, systom of measurement is more pcpular because 


of its simplicity of conversion from one form into &31other. For 
example, 3538 mm =353'8 сш. = 3'538 m. But on the Е, P. 5. 
system, wo hive to divide or multiply one quantity Ly an arbitrary 
number to convert it into another unit. The relation between two 
Systems of units is given b low : 

1 metre =39'37 inches and 1 iach = 2'54 cm. 

12. Maasurement of Leng'h :—For practical purpo:es we have 
to measure distances ranging from several million miles to а small 
fractioa of a millimetre. The same instrumert can not conveniently 
be used for measuring all distances. Different instruments and 
methods are, therefore, used for the measurement of length, each 
One suited to a particular range of length. ? 

Trigonometrical Survey :— Very larga distances covere 
thousands of miles, tbe direct measurement 
of which is either impracticable or impossible, aro 
determined by a process called the Trigonometzical 
Survey, Suppose that P is a point object placed 
ab a large distanca from a plane surface 
ABO (fig. 1) Ib is possible to know the 
distance of P from any point of the surface. 
Take any two points A and B on this surface. 
A ani B are called observation stations and the 
straight line joining the two stations 18 called 
the base line. At first the lergth of this base 
line is measured accurately by aby suitable 
process, Let the length AB of the base line be l. 
Then, from tho stationa А, the point P is observed 
and the angle BAP (=a. вау) is determined with 
a suitable apparatus such as а sextant (vide 


mea urement of angle). Sim 


of a mile which із equal 


Fig. 1 
ilarly, {rom the other stebion B, the angle 
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ABP (= say) is measured," Thus knowing l, а and В we can find 
ths length AP or BP or even the perpendicular distance PC from 
the principles of Trigonometry in the following way. In the APAB, 
the И АРВ = 180° — (+ 8°). Again, in the APAB, 

АР _ BP _ АВ u^ АВ 

sing sina sin [180° (0 + 8)] зіп (а+ f) 


. 2; Mop. ir Sim c 
we AP JENA (a * B) also BP Ка ЕЙ Та + B) 
Т ү? > _, sina sin В 

gain, PC=AP sin a Pin (at 8} TES 


Thus. the distance of the object P from any one of the observe- 
tion stations or the perpendicular distance of P from the base lino 
can be determined. 

Large distances on earth are mostly measured with this process. 
The length of a mountain range or the boundary line of a country 
is determined with the survey method. As stated already, every 
measurement, however carefully made, involves some error. Measure- 
ment of angles and base line entails small errors not exceeding a 
foot in a mile or half a minute in а right angle. Hence the 
percentage of error in finding the distance of P is not more than 
0'02% which is considered to be a high degree of accuracy in 
practical determinations. 


Example : 

From two base stations baving a distance of 1000 yards, the angles of incli- 
nation of a hill top with the base line in a vertical plane are found to be 42° 26’ 
and 27° 12’ respectively. Determire tho distance of the hill top from tho base 
stations, as also the height of the hill. 

A. Let A and B be two stations and P, the positlon of the hill top, the plana 
containing the points A, B and P being vertical. Then, according to the problem 
AB=1000 yd., 2=27° 12’ and 8—44? 26’, 

p= sin 42° 26' йе. sin 49° 26’ 
Then, AP=1000 127-43 38) sin 69° 38 
Referring to tto natural sine table at the end of this Book. 
sin 42° 26’='6747 and sin (9? 38’='9375 
‘6747 
4 AP=1 ——*=719" 
000% args 7197 yd. 
In a similar way, 
BP=1000 Sin 27" 12” _ A751 _ (gr. 
000 ain 695 38’ 1000 x ooze 48T'6 yd. 
“4571 X ‘6747. 


1 = i i 

Also PC =height cf the hill=1000x Tai yd. 
=328:9 yd. 

Measuring Chain and Tape :—Distances from a few hundred 
yards бо a few yards are measured directly with & chain or a tare, 
.À chain is usually 66 ft. cr 1С0 ft, in length consisting of 
inter-connected pieces of steel rods, each one foot long and 
subdivided into inches ( Fig. 2a). To uso a chain for measure. 


*It the object P is a moving Object, such as an aerop’ane or a planet, moa. 
surements from A and B are to be taken simultancously by two observers, 
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ment from а cartain point, firmly fix a pin Р ( Fig. 25) on the ground 
vertically and slide an end link T of the chain over the pin. Fully 
stretch the chain in the direction of measurement, care being taken 
that the chain does not show kink or sag anywhere. Put a mark 
where the other end link terminates and fis another pin there. This 
gives the length of one chain. Next with the second pin as the point 
measure another chain along the same direction and put another 
pin at its terminus. In this way the entire distance is measured in 
terms of the number of chains, The last part of measurement is 
done by counting tho number of foot links of the chain, Ifa care- 
ful measurement is made the error does nob exceed more than a foot 


i ж 1x100 SO 
i + = + 02%, 
in a mile, Hence the percentage of error is + 17608 Ж, 


A measuring tape is sometimes graduated on its one side in 


Ze 


// 


Fig. 2b—Fixing Pins 
in centimetres (Fig. 3) It is usually & 


i i inted. The tape 
on which the graduations are printed 
p es a which can be rotated with a handle, The 


tape is protected within 8 
covered casing B and can be 
pulled ous whenever necessary. 
Steel tapes of smaller lengths 
coiled in casings are prevalent 
nowadaya. The method of measure- Жы, 8-те 


i is similar to 
EU Ald ua whée Heated carefully there is probably an 


one or two inches for every 1С0 yards. This 
боа Ая ан not exceeding 0'06%, which is sufficiently 


te for practical purposee. 
prse и ог Metre Stick :— Lengths from a few feet to a 
few inches or centimetres are measured with a metre sosle (Fig, 4), 
The measuring scale, which is made of box-wood or of some metal 
has got its one edge graduated in centimetres and tke other SA 
inches. The top side numbering of Fig, 4 is in inches and the 


Fig. 2a—Obain 
inches and on other side 
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lower side in centimetres. The smallest division on the centimetre 
side is а millimetre (0'1 cm.) and that on the inch side is 01 


Fig. 4—Metro Scale 


inch. In measuring length with a metre scale, sometimes the scale 
is used directly and sometimes in conjunction with secme auxiliary 
apparatus as the situation demands, 


Direct Application of the Scale—In order to use a metre feale 
following instructions should be followed :—Place the rcale elongside 
the body, whose lengsh is to be measured. You need not make 
one end of the body touch the zero of the scale or even the end of 
the scale. In either of the cases there may be an error called the 
‘end effect’ which we shall disenss presently, Now take the readings 
of the scale corresponding to the two extremities cf the object, 


If be the scale reading corresponding to cne end of the object 
and y that of the other end, then the length of the object is z^ y. 
Thus, if one end of a rod be coincident with 10 cm. of the reale and 
its other end be found sgainst 46'6 cm., thon the length of the rod 
is 45/6 -10=36'6 cm. 

Eye-estimation—When the extremity of an object does not 
coincide with any graduation of the scale, the followirg method is to 
adopted. Suppose that you have placed a rod AB alongside an inch 


Fig. 5—Prozess of Eye-estimation 


scale, with one end A of the 101 coinciding with the zero of the 
reale (Fig. б), The other end B ef the rod is found to lio between 
8th and 9th divisions. Since each division of the scale is 0' 1 inch, 
the length of the rod is 0'8 inch plus some fractional part of 0*1 inch. 
Now make a guess: estimate of what fraction of O'L inch the 
projecting part of the object might be. The process of measuring a 
fraction of a division is called eye estimation With a fair practice 
of eye-estimation а fractional part correct to a fifth of a division 
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can be estimated. Ifa reading lens is used each small division 
appears maguified and so with an ordinary reading lens and with a 
little practice, 16 is поб difficult to measure one-tenth part of a 
division with eye-estimation, A careful observation reveals that 
the projecting part of AB beyond the 8th division is 04 of a 
division. Hence the length of AB is 084 inck. 

It is бо be noted that the method of eye-estimation is only an 
approximation and is, therefore, subject to some error. This means 
that in one case & measurement of a particular length may give a 
slightly larger value when the error is said to be positive. In another 
case the same length when measured may give a slightly smaller 
value when it is a negative error, In this way when a number of 
measurements is taken, it is found that results: are distributed on 
both sides of tho true value in such a way that their arithmetic 
mean is very nearly equal to the actual length. In practice five 
to ten readings are taken and their average value is found. The 
following illustration would make the proposition clear, Suppose 
that you are required to measure the length of a rod and you have 
taken ten measurements of its length in centimetres for different 
Placings of the rod. The readings are as given below; 

90°15; 9010; 20°00; 2018; 20°05; 2002; 2000; 20°15; 
20°12; 20°14, ` 

The sum total of tbe ten readings is 2С0'91 cm. and the mean 
value of the reading is 900'91/10=20'091 cm. This mean value 
represents the average length of the rod, It would be found that 
out of 10 realings, six are above the average and four below. 
Two principal sources of errors arise oub o} the direct application of 
а metre scale. These are,— 

(i) Parallax Error—Tais error arises out of the apparent change 
in &he reading of the scale due to a changa of position of the 
observer particularly when the graduated face of the scale and the 
object aro nos ordinarily A Ac oA ge 
On the same plane, In de - 
such а oase the position cr d T: i 
of the eyo influences the Tg x у 


a S A ЖЕ. 
reading of the scale. In D liak Ann N Wem à 
Е , х 
=== : 


fig. 6; РО represents a 
Plate placed beside a ets sks 
scale. If observations be E ates see 


i itions 
а е sight being in both cases perpendicular to the 
olandxof the scale, the reading corresponding to P 1 сю., and that 
corresponding to Q is 39 ош, and to the lergth of the plate is 
curate method of measuring length of the 


р is i more ac 
"M pad pe the positions of the eye be ab O and D so 


as to get inclined vision, the end P appears to read 12 cm. and 


E ne or two observations may occasionally be found to be 
ET E ioyor than the mean valie. These are called spurious 


i uch 
Sa ARA In Wie odi of chance or carelessness. These are absurd data and 
should Ъз discarded in evaluating the mean value. 
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Q 3'8 em. and, therefore, the length apparently becomes 2'6 cm., 
which is 0'3 cm, less than the former value. 16 is, therefore, 
evident that the length of an object measured along oblique vision 
entails an error which is called the Parallax Error. To avoid the 
parallax error the line of sight must always be normal to the 
scale and the object must be placed parallel to the scale while 
making measurement. 

(i Irregularities of Graduatlons—This error is due to the 
defect of the instrument used. The graduations of a scale in ideal 
conditions should be perfectly equidistant. But owing to the con- 
etructional defect of an actual scale, the distance between the con- 
recutive graduations might be at some places very slightly shorter or 
longer than the actual value. Particularly the division at each extremity 
of the scale becomes positively shorter with a continued use because 
the ends wear our gradually. This is known as the end effect of a 
linear scale. Therefore, a single measurement of the length of an 
object a6 any part of the scale might prove a little too big or too 
tmill. End readings on a fairly old scale shouid bo avoided as far 
as practicable. 


To minimise the error due to irregularities of graduations the 
object which is to be measured in placed at different parts of the 
ecale, and readings corresponding to its two ends are take every 
time avoiding parallax and using eye-estimation. The difference cf 
any pair of readings gives the length of the object with reference 
to that part of the scale. Finally, the arithmetic mean of a number 
cf measurements gives the mean length. The kody should not 
generally be placed touching any extremity of the scale. 

The following procedure would simplify measuring a length st 
different partss of the linear scale ;—Call one end of the object, whose 
length is to be measured, a3 A and the other end as B. Make 
the end A coincident with any graduation of the seale. Let this 
be 10 cm, Place the object alongside the scale and read the erd B 
with reference to the scale. If this reading be 2214 cm. taken with 
eye-estimation, then the length is 2214 — 10—12'14 cm. 

Inspection of the Measuring Scale— Whenever a measuring 
tcale is supplied to you, the first thing is to determine or examine 
the unit in which the scale is graduated. If you find that 
markings 1, 2, 3 etc, happen to lie at approximate distance of the 
width of two fingers, then the scala is an inch scale. Then count 
the number of subdivisions in an inch as given on the scale, If 
there are m divisions over an inch length, then the value of the 
smallest division of the scale is 1/m inch. On the other hand if the 
markings 1, 2, 3 eo, are at distances of a little less than the width 
of tho finger, it is a centimetre scale. Ganerally you would find that 
each centimetre length is subdivided into ten equal parts. Then the 
small space between two consecutive graduations is a millimetre, 
If there is any confusion regarding the nature of the scale, it is 
always safe to compare the scale supplied with a known scale, which 
you carry within the geometrical instrument box. 
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Date— EXPERIMENT 1. 


To Measure with an Ordinary Scale the Lengih of an Object 


Theory—lt a ba the reading in any unit on the linear scale 
corresponding to one extremity of the object and b be the reading 
ia the sama unit corresponding to the other extremity, the required 
length is then equal to a~b units of length. 

Apparatus—A metre scale and a thin glass rod (or whatever be 
the objech supplied for mea urement). 

Proceiure—Place the glass rod alongside the c2ntimetre scale 
and in contact with it, Make one end of the rod touch a particular 
graduation of the scale, and take the scale reading for that end (left- 
end reading)? Tais gives the readiag о of оле end ia em, You will 
fiad that the other end of the rod lies generally at some other part 
of the scala within two consecutive millimetre marks. Read in centi- 
metres the graduation of the scale nearest this end. Take a guess 
of the length of the projecting part beyond this mark in fraction: 
of а millimetre by eye-estimation aud add it to the scale reading 
by converting this fractional part into centimetre. This gives the 
realing b of tha obhər end (right end realing) The difference of 
лозе two readings is the observed length of the rol iu cm, Care must 
be taken to avoid parallax error as far as practicable. Place the rod 
at 5 to 10 different parts of the scale and take similar readings, 
The average value of the lengths measured in this way gives 
the mean length of the rod in centimetres. 

Repeat a similar procedure by placing the rod in contact with 
the inch side of the scale and obtain the mean lengihin inches, As 
the same length is measured both in em. and in inches, take the ratio 
of the observed lengths. This ratio gives the observed equivalence 
between centimetres and an inch. 

Results - (A typical set of results is given here). 

The contimetre side of the scale was used. The smallest division 


of this scale was found to be 1 mm=0'l em, Eye estimation could 
2 mm —0'02 cm. 


be pushed dowa to 0° 
E | Right-end Readings 


Left-end Readings 
| | 
Length Eye | | Eye: | Length Mean 
Main | 4 _ Това! | Main | mstimg- | Total b-a th 
gr Soalo mi | a Soale | Mon | (0-а) Leng 
cm. cm em. | еш. | cm. | cm. cm. cm. 
| | | 
10 0 10°00 | 336 0'06 3356 | 23°56 
18 0 1800 4L'5 | 008 |4158) 23:58 
A Glass 25 0 19500, 485 004 4854) 2354 
Rod using | 90 ‘o |3000 | 59'5 008 |53'53| 23°58 
Centimetre | 36 o 3600 595 | 007 | 5957| 23°57 28:56 
Scale, 40 0 40:00 | 625 | 008 68:58 | 23:58 
50 o 60°00 | 735 | 005 |7355| 23°55 
56 0 | 5600 | 795 | 0'05 7955| 23:55 
60 0 6000 | 835 006 8356| 23°56 
70 0 (1000, 93:5 | 003 |9358 23:58 
1 | 
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The inch side of the scale was used. The smallest division of 
this scale was found to be O'l inch, Hye-estimation could be pushed 
down to 0°01 inch. 


39'2 007 39°27 


Since 9'27 inches—23 56 om, (as observed,) 1 ідо 2798 


9'27 
92/54 om. 

Discussions—The principal sources of errors in taking readings are 
due to parallax and eye-estimation. These errors become very small 
by taking a mean of a largo number of readings. Further, the greater 
is the length to be measured, the smaller is the percentage of error, 
Another source of а very small error is due to a change in length of 
material of the scsle due to a variation of temperature. The amount 
of error due to temperature variation depends upon the expansibility 
of the material of the scale, For ordinary measurements of length 
‘the correction due to temperature variations, which is ne gligibly 
small fraction of a millimetre, is nob therefore necessary. 

To calculate the maximum percentage of error in reading the 
length of the rod, we find that the minimum reading for the length 
is 23°54 ani maximum reading is 23°58. Hence tho variation of 
reading is '04 om. in a mean length of 28'6 ош, 


Therefore, maximum percentage of error = + оту 


The observed relation between an inch and a centimetre shows 
that the percentage of error is within +'1% of the actual value. 

Note that if the centimetre and inch scales are engraved on the 
two edges of any material of the scale, each side of the meterial will 


be affected equally by a change of + Я 

; f emperature but the equivalence 
EL le inch and centimetres as found in the experiment will not 
ё ө 


ORAL QUESTIONS 


What is a parallax error and how can i : 
out the end divisions of a scale in using iT Wheat ет, em na 


Leti-and Reading Right-end Readings 
Length t Eye Еу Length Mean 
of мап Estima- Boral зы Eatima- Total (b—a) Length 
tion 9379| tion 
inch inch | inch | inch inch inch inch inch 
1 0 100/102 006 10:26 $26 
8 0 3'00 | 122 | 005 12°95 | 925 
The same 6 0 6'00| 152 007 1527 9'27 
| Glass Rod 10 0 10:00 | 192 0'08 19 23 948 
using Inch | 13 0 13:00; 222 007 22°27 9'27 9'27 
Scalo. 16 0 16:00, 25°2 0:08 25 28 9°28 
0 2000 | 929'3 0'07 29 27 9°27 
0 23°00 | 32:2 0'06 89 26 926 
0 26 00 | 35°2 0'09 35 29 9 29 
0 
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ings in measuring a length? What aro the units of length on the two systems 
and which one is more preferable ? How many centrimetres are equal to an inch ? 
What is eye-estimation in measuring a length? Explain why a greater length 
can ba more accurately measured than a lesser one, 
Date— EXPERIMENT 2 
To find the Trigonometrical Ratios of 30° and 60° 

Yheory—If in а right-angled triangle ABO the ZC=90°, 
ZB=30°, ZA=60° and if the lengths of the sides AB, BO, ОА be 
к, y, 2 units of length respectively, then 


2 : o o 1 1 
der - e ВЕЗ e 
= sin 30° = cos 6 aioe 35759560 
das P = ві G0 ae red 
E eee 30° = віп 6068—5080 
m. 1 1 


d ur = 
= tan 30°=cot 60 me ea Y 
Apparatus—Metre scale, set squares, protractor, reading lens, 
drawing paper and pencil. A large right-angled triangle ABC with the 
aforesaid specification is to be 
drawn on the left side page. A 
Procedure—Place a set squ- 
are having angles 30°, 60° and 90 
on the drawing paper and draw an 
outline of it with a fine pencil 
mark. Put the letters B, A and 
С against the angular points 30°, io 
60° and 90°. Measure the lengths B 
of the sides AB, BO and СА with 
a centimetre scale avoiding paral- Eig. 7 


a applying eye-estimation. i 
Wero dare Taeasurements for each side and find the mean length of 


f the sides v, Y and 2. Make в tabulated | chart as shown 
ваа опо calculate the trigonometrical ratios of 30° and 60°. 


Results— 
Tieft-ond Readings Right-end Readings 


Ж Length Mean 
Length Ey Total |Main| Eye | Total а= 
of Мез ud say, a |Scale| Est. | say, b (a=b) Length 
om. | em. cm. om. | em. em. em. om, 
90 0 90'00 83'E '06 33°56 13°56 
AB 40 0 40:00 | 59'5 | '06 53'56 13'56 13°56 
60 0 6000 | 735 | '06 79:56 13°56 
30 0 30°00 | 41'°7 | '08 41°78 11"8 
BO 50 0 5000 |61'7 | *08 61°78 1178 11'79 
80 0 80'00 |918 | '00 9180 11'80 
20 0 20°00 |267 | ‘08 26°78 6'78 
OA 40 0 40°00 46'7 | ‘08 46°78 6'78 6'78 
70 0 1000 | 767 | ‘06 76°76 6'76 


P. P./2 
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6'18 cm. 


B Sou [ots О 2 — жа 0* 
cin 30° = соз 60 1906 cm. 0*500 
4 cos 30°=sin 609-1179 em. 0'869 
т 13'56 cm. 
2 о ec 6°78 cm . 
— —tan 30°= 60° = —— — =0 
T eph dinde: d 


Discussions—By applying eye-estimation and with a reading 
lens it is possible to measure every side of the triangle correctly 
upto в fifth of а millimetre, and so it is justified to express the 
length of each side upto 2 places of decimals in centimetres. But 
since the sides of the triangle are of different lengths, the relative 
accuracies of measurements of the sides are slightly different from 
each other. Suppose that the error of measuring each length is rof 
more than +'02 cm. Then the percentage of error in measuring 
13°65 om. is inest 100 = +'14%. In a similar way it can be 
shown that the errors in measuring 11°79 cm. and 6°78 cm. are 
+°16% and +'98%. Thus we see that measurement of larger lengths 
involves smaller percentage of errors; the longer are the sides of a 
triangle the more accurate are the ratios found. The average 
percentage of errors is '9% which represents an error of 1 in 500. 
So the values of the ratios may be expressed very approximately 
upto 3 significant figures or upto 3 places of decimals. 

The error for observed value of sin 30° upto the 3rd place 
is nil. The accepted value of sin 60°=0'866 and the calculated 
value is 0'869. So the percentage of error is ‘03%. The standard 
value of tan 30°=0°577 and the calculated value is 0'575 and hence 
the percentage of error is also ‘03%. So it is seen that the calculat- 
ed pereentage of error is negligibly small. 

From the other set square which is an equilateral right-angled 
triangle, the trigonometrical ratios of 45° can be found. 

2.1. Metre Scale and Beam Compass— When the object is curved 
or uneven, it is inconvenient to place a metre scale alongside the 
object. In such а case a beam 
compass is conveniently used in 
measuring its length. A beam 
compass consists of a straight and 
uniform rod having two long 
pointers, which can be slided over 
and clamped anywhere on the rod. 

Fig. 8.—Beam Compass In some form of beam compass 
centimetres or inches (Fig. 8), the rod itself is graduated 10 
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Second point. Fix up ths second pointer there. Measure the distance 
between the ends of the pointers, which is evidently the distance 
between the points, In using a beam compass, with an ordinary 
metre scale as in Experiment 1, the procedure of adjusting the pointers 
4з to be repeated a number of times. Ib is to be borne in mind 
that the length measured with a beam compass gives the straight 
distance between the two points under investigation and not the 
distance along the curved or uneven surface. The method of procedure 
‘and tabulation of data are identical with those of Experiment 1. 


. 2.2. Metre Scale and Dividers—For measurement of short lengths, 
‘it is often convenient to use a pair of dividers. A pair of dividers 
consists of two metallic pointers hinged at the top such that the 
йрке between the ends of the pointers can be altered continuously 
Hig, 9a). 


In order to keep the position of the pointers more steady some 
form of dividers is controlled by an adjustable side screw 
(Fig. 9b). The experimental procedure 
of measuring a distance with dividers 
is similar to that of & beam compass. 

But sinc» shorter lengths are generally 
measured with dividers, the percentage 
of error in this case is greater than that 
of а bəm compass. A pair of dividers 
May conveniently be used to messure 
length along curved paths as given below. 


2.8. Length of Curved Lines—If we 
‘divide a curved line into a number of 
‘very short segments, thon each segment 
may bs considered approximately as а 
Straight line and if the lengths of all 
these segments are added, we get very 
approximately the entire length of the 
curved line. This is one practical method 
of measuring the length of a curved line. 
The shor& equal segments are marked 
‘out with a pair of dividers. Finally, (a) (b) 
‘knowing the number of segments thus Fig. 9—Dividers 
made and the length of the segment, - 
the entire length between the two points is obtained. 


The measurement of distances over straight or curved lines on 
'a map or a survey plan of А drawing on a specified scale is often 
made with a divider. For example, the distance between any two 
‘stations over straight or curved railway track or the length of a 
river as shown on в map may be conveniently measured by 
Adjusting the points of the divider to a suitable small scale as 
eek exa due pale c 


Up the required length. 
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Date— EXPERIMENT 3 


To Measure the length of the Cireumference of Circle and 
hence to find the Ratio of Circumference and Diameter 


Theory—1t the circumference of а circle be divided into 8 
large number, say л, of very small segments each of length l, then 
the length of the circumference of the circle is equal to nl units. 
Lat the length of its diameter be d in the same unit, Tho standard 
tatio of circumference of a circle and its diameter is constant and 
is called 7. 


Apparatus—Drawing board, 
metre scale. 


Procedure—Draw three concentric circles of radii of approxi- 
mately 5, 6 and 7 centimetres with a compass on a piece of drawing 
paper and draw two diametres for each circle. Measure in centi- 
metres the length of each diameter with a metre scale avoiding parallax 
and using eye-estimation. The mean length of the two diameters 
for any circle gives the average diameter of that circle in centimetres. 


Now take a pair of dividers and place the pointed ends on a 
metre scale. It is advisable to take a reading glass and with the 
help of this glass adjust the distance between the two points of tbe 
divider so that it is made 0'5 cm. This adjustment is to be made 
as accurately as possible. Then place the divider on the outermost 
circle such that two dots are imprinted on its circumference. The 
segment between the dots is evidently 0'5 cm. In this way count 
the number of such segments on the whole circumference of a circle. 
The last segment would generally be a fraction of 0'б cm. 
Measure this last segment directly with a metre scale or another 
divider. Add together the lengths of all the segments and also the 
last fractional part. This gives the length of the circumference of 
the circle. Make two measurements for each circumference and 
calculate in each case the ratio of the circumference to diameter. 
Finally find the mean of all these ratios. 


Results— 


paper, compass, divider and a 


. The distance between the points of dividers=0'5 сш. = ће 
length of the segment (say), 
А Ratio of 
Object to be | Number | Length | Length | Length ciroum- Ee 
measured n ot 2 of each | of last ЎА Diameter ference | observed 
р m 3 
CU gments | segment | segment arene Di s Ratio т 
ference of vm amorar 
cm. ы em. em. cm. 
Outermost 91 05 0:3 458 4 
x E 14:6 318 
Circle 92 0'5 оо 46°0 146 314 
lIntermediate| 76 06 0'4 38'4 19:3 3718 
Cirola 17 05 0 38:5 12 313 818 
Innermost 62 0'5 04 314 10'0i ў 
Circle 62 06 03 31:8 1005 818 
PETECE CIE PR Еа БЕ ea) 
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ү Discussions—In using divider to measure the length of the 
cireumferenoe what is measured is practically the total length 
of & number of small chords around the circle. Since a chord is 
always less than the corresponding aro, it follows that measured 
circumference should be slightly less than its actual value. So the 
calculated ratio of the length of the circumference to the diameter 
of a circle should be less than the accepted value of 7. In the above 
experiment in five cases out of six the value of 7 is found less, There is 
another source of error which affects the result greatly, and that is, 
any error in measuring the length of one segment would be multiplied 
large number of times in the calculation of the length of the 
circumference. The accepted value of T being 3°14, the percentage 
of error for the mean value of 3°13 is 0°5%. 

3.1, Metre Scale and Simple Callipers—The simple callipers 
consists of two similar pieses of metal hinged like a pair of scissors 
(Fig. 10). It is usually used for measuring the internal and the external 
‘diameters of pipes, tubings or hollow vessels. The upper pair of arms 
is meant for external diameter and the lower pair for internal one. 

In order to measure the external diameter of a pipe, the upper 
arms are opened sufficiently to allow the pipe to slide 
into the space such that the two extremities of the 
jaws touch the opposite points of the external diameter 
of the pipe. The distance between the two jaws is 
measured with reference to a metre scale. A number 
Of readings is taken for different positions of the 
diameter and their mean value is found which gives 
the average diameter. To measure the internal diameter 
‘of а cylinder the lower jaws are introduced within 
it and are then opened so as fo touch the inside 
Surface at two diametrically opposite points. The 
distance between the points of the jaws is measured . 
with reference to a metre scale. A number of readings 
is taken at diferent positions of the diameter and the 
"mean value represents the internal diameter. 


EXEROISES 


1. Draw on a white sheet of paper three straight lines of unequal lengths 
and measure the length of each in centimetres and inches, Hence, find the relation 
between an inch and a centimetre. Why is it tbat the relation can be more 
Accurately found from measurement of a larger length ? 

9. Draw a right-angled isosceles triangle on a piece of paper and caloulate 


the trigonometrical ratios of 45°. 

3, ed lines оп а piece of paper and measure the length of each 
With Ness oA dividers in centimetres and inches, Hence, find the equivalence 
between an inch and a centimetre. 

4. Find the mean external and internal diamoters of 


"with simple callipers. 


5. Find the volume of a solid unifor 
Measuring its length and diamster with t 
(halt the diameter)’ x3'14. 


6.6.8 R.T, W.B. LIBRARY 


сиу: 


в copper calorimeter 


m cylinder in on. inches and in c.c. by 
he help of the formula, volume = length X 


* T jw 


Q Liner >` 
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3.2. Diagonal Scale—The accuracy of reading a fraction of s 
millimetre or an inch is impaired by eye-estimation, since different 
persons might guess different fractions for the same length. To 
minimise such uncertainties of eye-estimation a modified inch or 
centimetre scale, known ав a diagonal scale, may be used. 


Fig. ll represents a multipurpose scale engraved on a metal or 
celluloid rectangular sheet. One face of the scale, as represented 
by the left half of Fig. 11, is the inch scale; the upper edge numberings 
are in inches having one-tenth inch graduations and the lower edge gra- 
duations are in one sixteenth inch. The parallel oblique lines at 
the middle region is the diagonal inch scale The other face of the 
scale, as represented by the right half of Fig. 1), has centimetre 


scale on the upper 
edge and an angular 
scale on the lower 
and right vertical 
edges, To under 
stand the principle 
and use of в dia- 
gonal scale a 
separate diagram 
Fig. 11—Diagonal Scale for this part is 
given in Hig. 12. Тһе usual inch graduation begins from the zero 
mark of the bottom line to the right. The width FW ot the :calo 
is accurately divided into ten equal parts by equidistant horizontal 
lines drawn over its entire length. There is also an inch extension 
to the left of the zero line. This extension inch scale is subdivided 
into 10 equal parts both at the top and bcttcm, marked 1, 9, 3.....-10. 
A series of oblique parallel lires ccnnectirg 1 ard 0, 2 ard 1, ete., 
are drawn across the scale as shown (Fig. 12). There straight lines aro 
known as diagonal lines, whence the name of the scale is derived. 
Each subdivision between the oblique lines is evidently 01 
inch. Consider the geometry of the triangle formed by tbe vertical 
line 00 and the diagonal line 01. This triangle is intersected by & 
series of horizontal parallel lines. These intercepts continuously increase 


F 


1 2; w 
Fig. 12 
in length from ‘01 inch at the bottom to O'L inch at top in steps 
of ‘OL inch. 
To measure the length of a rod, say MR, 


the followi - 
dure is to be adopted. Place one end R of the jin Hos ween 


rod in line with a 


| 
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graduation of the inch scale (as shown in Fig.12) R coinciding with 
vertical line 2, so that its other end M projects into the diagonal 
scale, Then if can be inferred that the length is 2 inches plus some 
fraction of an inch. Now slowly lower down the rod from the top 
line, the end R all the time touching the same inch graduation. 
Examine the end M and suppose that this end touches a diagonal 
line when it is on the Sth horizontal line counting from the bottom. 
It is evident from the figure that the length RM is greater than 2 
inches but less than 3 inches. The projecting part of RM into the 
diagonal scale is the fractional part of an inch. The projecting 
part is found to occupy three small divisions between diagonal 
lines 4-3 and 1-0; as also another part between triangular lines 010. 
The fractional length ot MR between the diagonal lines 4-3 and 1-0 
is 0'3 inch. Since the fractional part within triangular lines 010 
is on the 8th parallel, this part is ‘08 inch. Hence the total frac- 
tional part is 0°38 inch. Thus the total length comes out to be 
2°38 inches. In s similar way, it is seen that the length ST is 
1°13 inches. 

Although we can mensure the length of an object with a diago- 
nal scalo correctly to ‘01 inch, there is a great possibility of making 
parallax error in reading the onds of the object. A divider is often 
used with a diagonal scale, Still when the divider is placed at the 
ends of the object there is & possibility of making а parallax error 
much more than ‘01 inch. 


3.8. Vernier Seale—For measuring accurately a small fraction 
of a centimetro or an inch в linear vernier scale is used. It was 
first constructed by a Wrench scientist Pierre Vernier. It consists of 
a short auxiliary scale called the vernier scale which can slide 
along the edge of the main scale (Fig. 13). 

Principle of a Vernier—On examining the main and the ver- 
nier scales it is found that the graduations of the scale are nof 


identical but a certain number of 
divisions, say m, of the vernier 
scale is equal in length to а number 
of divisions л—1 of the main 
scale, When the length of a vernier 
division is less than that of a main di. 3 


scale division, we call this system в ; 
forward reading vernier. The total numbers of divisions found 


with a vernier scale of the callipers are usually 10, 25 or 50. 


nt—The smallest length that can be measured 
le in conjunction with a main scale is called the 
st count of the vernier. To find the 
vernier constant the vernier sonle is slided over the main scale until 
the vernier zero line is coincident with а main scale division as 
shown in the figure. It would then be found that the last division 
of the vernier scale is coincident with another main scale division. 
Then the number of vernier divisions and the number of equivalent 


"13945608 


Vernier Consta 
with a vernier sca 
vernier constant or the lea 
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main scalo divisions are counted. In Fig. 13, 10 vernier divisions 
are equivalent to 9 main scale divisions. In general, if n divisions 
of the vernier scale cover a length equal to »—1 divisions of 
the main scale, then n vernier divisions —7 —1 main scale divisions 


n-i ; GER 
of & main scale division 


or 1 vernier division = 


РЫЗ ; »—1 ; 
.'. 1 scale division- 1 vernier = ( 1-—— ) of a main scale 
n 


division = — of a main scale division. 
n 


The difference between one main scale division and one vernier 
division is equal to the vernier constant or the least count of the 
vernier. The latter term means that this difference is really the least 
distance which cam bs measured with a vernier. 

In Fig. 13, it is found that 10 vernier division (v.s.) are equiva- 
lent to 9 main seale divisions (m.s.), 

Therefore, 1 vs-=3o ms. Or 1 ms.—lv.s.— 35 ms.=0'1 ms. 
That isto say that the least count of the particular vernier is one- 
tenth of the main scale division. If the smallest division of the 
main scale is а millimetre, the least count is O'L mm. If, on the 
other hand, the main scale is graduated in O'1 inch, the least count 
becomes ‘01 inch. 


3.4. Application of a Vernier Scale—Suppose that we are to 
‘measure the length of a rod AB using a millimetre scale with a 
vernier attachment. We have to find at the start the vernier 
constant following a method as described in the preceding article. Let 
the leash connt of the vernier 
be 0*1 mm. (Fig. 14). Now we 
slide the vernier over the main 
scale and examine whetber the 
zero of the vernier coincides with 
zero of the main scale. If it is 
so, then there is no instrumental 


Fig. 14 


error. But if the zero of the vernier does not coincide with the zero 
of the main scale, there is some instrumental error which would be 
described in the next Article. Lat us suppose that there is no instru- 
mental error in this case. We then place tho ond A of the rod so 
as бо be coincident with the zero of the main scale. The vernier 
is then slided so as to touch the end В ofthe rod. The vernier zero 


line which touches the end B of the rod lies somewhere between 
the 8th and 9th divisions of the main scale. This means that the 
length of the rod is 8 mm. plus some fraction in millimetre. In 
order to read this fractional part we should look at the position of 
contact of the two scales marks, In this particular case it is to be 
noticed that the 6th vernier division is in lino with a main scale 
division. Therefore, the displacement of the vernier zero from the 8th 
main scale is 6 times the least count, i.e., 0°6 mm. Thus, the total 
length of the rod is (8 +0'6) mm.—8'8 mm.=0'86 cm. In practice, 
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we should take a number of readings for the length of the rod find 
the mean value for the length AB. 

To Measure a Vernier Constant the following procedure is to 
be adopted—(i) Slide the vernier scale over the main scale and 
adjust if to such a position that the zero-line or the base-line 
of the vernier (usually marked with an arrow-head) exactly coincides 
with any graduation of the main scale. 

In this position the last mark of the vernier scale would be found 
to coincide with another graduation oi the main scale. 

(ii) Oount the number of divisions of the vernier scale as also 
the number of divisions of the main scale between the two lines 
of coincidences, Let n vernier divisions be equal in length to n-1 


п-1 vernier 


main scale divisions. Then 1 main scale division = 


divisions. Then the vernier constant is equal to i of & main scale 
division, 

бй) Find the value of one of such main scale divisions with 
reference to the original or an auxiliary scale or with а pair of 
‘dividers and a metre scale. 

Let the value of one of the » divisions of the main soal 
Or inch, as the case may be. 
ant EL 1 mm. or inch. Suppose that 1= 1 mm. 

n 


е=1 mm. 


Then vernier const 


and n=10. Then vernier constant —0'1 mm = 01 ош. 
Backward Readiag Vernier—This type of apparatus is very 
less in use. 16 consists of а 
main scale and sliding vernier 
Seale (Wig. 15). The number 
of divisions on the vernier 
scale is one less than tbe 
number of divisions on the 
Same length of the main 
Scale. Tho graduation marks 
of the  vernier scale are 
Opposite to those of the 
main scale. Henco it has Fig. 15 
derived the name of a back- t ех У 
Ward reading vernier. Let n divisions of the vernier scale be 
equivalent to n+ 1 divisions of the main scale. 


Дш main scale 
n 


much 


Thon 1 vernier soal 


1 0,8, = 1 m. p= = 1" m jin gonlo 
calo as in other class 


in 8 
ушу 1 and take the main 


a i the least count is nth part 0 v deis 


9rnierg, To use it, place the object & 


26 INTERMEDIATE PRACTICAL PHYSIOS 


scale reading nearest the last mark of the vernier, this represents 
the integral part. Now find the vernier division in coincidence with 
the main scale mark. Then main scale reading plus the vernier 
reading X the least count gives the required reading for the length. 


Examples : 

1. On adjusting a vernier scale, 10 vernier divisions are found to be equi- 
valent to 9 main scale divisions. The value of such a main scale division is 1 mm. 
Find the vernler constant. 

A. Here 5-10 and l=1 mm.-0'l cm. Hence vernier constant- y5 х'1 
—0'01 cm. 


2. 95 vernier divisions are found to be equal to 24 scale divisions. 1 inch is 
divided into 20 such scale divisions. Find the least count of the vernier, 
A. Here n=25 and 1= 25 in.—0'05 in. Hence least count— ~; х 0'05 = 0'002 in. 


8. In a Fortin's barometer 10 div. of the vernier scale are found to be equal 
to 19 div. ot the main scale. The main scale div. is 0'5 mm. Find the least 
count. 

A. To make a difference of unity in the two scale divisions, imagine that 
each vernier division is divided into two parts to make the total number of 
divisions equal ot 90. 


Then n=20 and 1=0'05 cm. Hence least count='0025 om. 


But since the value of the aotual vernier divisions is double the value of the 
divisions imagined, the vernier constant is also double the value found, Hence 
the vernier constant is 2x'*0025—0'005 om. 


3.5. Vernier Callipers—A vernier callipers consists of a thin 
steel scale M with a jaw A fixed at one end at right angles to its length 


t Fig. 16--Vernier Callipers 
(Fig. 16). The other jaw-B can be slided over the scale and can be 
fixed at any position by means of a screw 8. The movable jaw is provi- 
ded with an extension О on which there are two vernier scales, one 
on each side, Corresponding to the two main scales of the steel bar. 
The upper main scale is generally graduated in millimetres and the 
lower end in one-twentieth of an inch. Usually, 10 vernier divisions 
coincide with 9 main scale divisions on each side, яо that the ver- 
nier constant is тс of main soale value. So the least count of the 


upper vernier is 0'1 mm. and that of the lower is 0'005 inch in the 
above case, 


А 
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When the two jaws A and Bare brought in contact, the zero of 
the vernier should generally coincide with the zero of the main- 
scale. The instrument is then said to have no zero error, With 
a correct instrument as this, if the jaws ате separated, the distance 
between their edges is equal to distance between the zero of the main 
scale and the zero of the vernier scale. The object, whose length is 
бо be measured, is placed between the jaws so ss to fib in exactly. 
Then the readings of the main and vernier scales are taken in the 
usual manner, which give the length of the object in terms of the 
scale used. A callipers is used for measuring lengths of rods, dia- 
meters of balls and of cylinders and internal diameters of tubings. 


Instrumental Error or Zero Error—Some vernier callipere, with 
a continued use, develop an error in which the vernier zero line 
does not coincide exactly with the main scale zero when the jaws- 
are placed in contact. This lack of coincidence might be due to wear 
and tear of the instrument. When there is a case like this, we call 
this defect an instrumental error or zero error. With sn instru- 
ment having zero error, the actual reading on the scsle does not give 
truo length of а body placed between the jaws. There may be two 
types of instrumental error— 


(a) When the jaws are placed iu contact, the zero of the ver- 
nier is in advance of the zero line of the main scale by a little amount, 
say c mm. This moans that while the instrument sbould have given 
the reading zero, it is apparently giving в reading +2 mm, On now 
Placing a body between the jaws, if the reading on scale shows to bo ` 
Y mm. then the actual length of the body is (у =) mm. In fig. 17, 
the vernier zero is in advance of main scale zero by an amount 
0'2 mm. So the instrumental error is -0'2 mm. 


Fig. 17. Fig. 18. 


Therefore, the length of the body=actual reading on the 
scale—instrumental error. In this саке the instrumental error is 
Positive and has got always to be substracted from the actual reading, 

(b) When the zero of the yernier is behind that of the scale by 
an amount 2 mm. incase the jaws are in contact, the instrumental 
error is negative in such а case. Then with a kody within jaws if 
the reading be y mm., then the actual length is (y +æ) mm. 

' Thus, the true length of the body = actual reading ‚оп the- 
Scalo — the instrumental error. In fig. 18 the vernier zero is behind. 
the main sacle zero by an amounü—0'7 mm, Нерсе this quantity 
is to be added to the observed length. 
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You always remember a very reasonable argument that the 
reading of a length containing the instrumental error is mathematically 
equal to the actual length+instrumental error. Therefore apparent 
length — instrumenial error =actual length. 


Date— EXPERIMENT 4 


To Measure the Length of a Rod with a Vernier Callipers 


Theory—If n vernier divisions are equivalent to (m—1) scale 
‘divisions, the vernier constant is nth part of a scale division. The 
apparent length of the rod placed between the jaws of the callipers 
is the sum of the main scale reading and the vernier reading х the 
least count of tha vernier. If the reading of the vernier be +1, 
when the jaws are in contact; this is instrumental error. Tbe actual 
length of the rod is then apparent length minws the instrumental error, 


Apparatus—aA slide callipers and a rod. 
[A brief description of a slide callipers is to given here. A sectional 
diagram of slide callipers is to be drawn on the left side page.] 


Method of Procedure—Slide the vernier scale over the main 
‘scale so that the zero line of the vernier scale coincides with a main 
scale graduation. Now look for the coincidence of the last division 
of the vernier with another main scale division. Then count the 
total number of divisions of both the vernier and main soale between 
these two coincident points. Record these observations under the 
heading ‘Results’. To be sure of these numbers slide the vernier 
scale to some other place of the main scale and re-check the numbers, 
Determine the value of main scale division with reference to а 
measuring scale, Thon calculate the vernier constant, 


Now place the two jaws of the callipers in contact. If the 
vernier zəro exactly coincides with the main scale zero, there is no 
instramental error. Rsa-check your observation a few time to be 
sure of your inference. But if the zero of the vernier is to the left 
of the zero of the main scale (i.e., towards the fixed jaw), when the 
jaws are in contact, the reading would be negative but the correction 
would come out to be positive, which means that it is to be added 
to all subzequent readings for any length. But at the position of 
-contact, if vernier zero is to the tight of main scale zero, the error is 
positive and the the correction is negative. Take threo readings for 
“the instrumental error and find the mean value. Tbis gives the mean 
instrumental error, if any, positive or negative (vide Art. 3°5). 

Next place the rod between the jaws, with its one end touching 
the fixed jaw and other in contact with the movable one taking 
care that the rod is not too tightly pressed between the jaws.* 
‘Take the main scale reading just short of the vernier zero line and 
tabulate under the column (a), Count the number of the vernier 
divisions in line with a main scale division and tabulate this number 


*It the rod is too tightly pressed between the jaws, tho rod may bo slightly 
-compressed or the jaws may bə temporarily or permanently bent or both might 
. happen. 
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under the column (b). The product of this number and the vernier 
constant gives the length of the fractional part. The sum of the two 
gives the apparent length of the object. Take at least five readings 
for the length and arrange in the tabular form. Calculale the mean 
value. Finally, add or subtract the instrumental error a3 the case 
may bo and get the mean length of the object. 

Results ‘Determination of Vernier Constant :—(a) For the 
Oentimetre Scale, 10 v.s.—9 m.s. (say) .'. 1 v.s.=0.9 m.s. 

‘The Least Count-1 ms.—1 vs.—1 m.s.— 09 т.5.=01 m.s. The. 
main scale is found to be graduated in millimetres. 

Least Count of the Vernier =0'l mm.=0'01 cm. 

(b) For the inch scale, 10 v.s,=9 m.s. Therefore least count. 
=0'1 m.s. and the main scale is graduated in gg inch=0085 in. 

-. Least Count of the Vernier = 0'1 x 0'05 = 0'005 inch. 

To determine the instrumental error :— 


Centimetre Side Inch Bide 
quet Main | Vern.| Total Mean |Main |Vern.| Total Mean 
8 scale | scale cm. cm, scale | scale in in. 
1. 0 4 0'04 0 8 0'015 
2. 0 4 0:04 0:04 0 9 07015 0:015 
8. 0 4 0:04 0 3 0:015 


Since the contact reading is positive, the instrumental error is. 
Positive in both units aod is to be subtracted from the apparent 
readings or the mean of the apparent readings. 


Measurement of Length of the Rod :— 
A | | ы 
Е s 
E Е Vorni Frac. | 88 Correct- 
А E] NS as tional Total | Mean BH ed 
E 
2 id ко (0) Part Length | Length E [5] Tienpth 
Б 2 bxl.e. Е 
ul Ж | he] 
Jc smt om. сш. om. om. om. 
2 
E: ч 2 0°02 T22 
E 2 12 3 0:08 198 
o 8 T2 3 0:03 723 | 723 | —0'04 719 
1:[8 1088 
36 T2 3 | 
inch. "inch. | inch. | inch. | inch 
3 1 2'80 9 0'045 2'845 
$ |a 3:80 9 0045 | 9.845 |- 
m.s 2:80 8 0:040 | 2810 | 2:847 | —015 | 2882 
"d all ud 2'85 1 0005 | 2:855 
4 5 2'85 0 | 0:000 92:850 
ERIS] e 1. Lider [e^ Sis MM MUR E 
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Discussions—' The mean apparent length is 7'23 om. The greatest 
-apparent length is 7°23 cm. and the least value is 7'22 om. So the 
variation of observed length from the mean value is +'01 em. This 
-gives an error of +0'01 сш. in a length of 7°19 cm, Therefore 


percentage of errore 2.91 x 100= +014, Similarly, on the inch 
‘side taking the probable error to be one division of the vernier, 
the error comes out to be + 0'005 inch in а length of 2'832 inches, 
"2.6, в percentage of error or +0°17%. Thus, it clearly shows that 
with such a form of yernier we can expect to measure a length in 
em. with a slight greater accuracy than in inches, 

A source of error is due to the temperature variation of the 
material of the scale, since every scale division which was correctly 
-graduated at a definite temperature, undergoes a change in length at 
an altered temperature. This is, however, во small for moderate 
changes of temperature that the effect due to the variation may be 
neglected for the present. This correction is necessary when a length 
"is to be standardised. 


41. Relation between the Units of Length 


To find experimentally the relation between the F.P.8 and C.G.S. 
vnits of length a similar experiment as described in Expt, 4 may be 
‘done. The theory should be wribten as follows. 

If the length of an object measured in centimetres be 2 cm. and 
‘that measured in inches be y inches then y in.—z ош. Therefore, 
1 inch z/y em, 

The apparatus, method of procedure and tabulation for experimen- 
‘tal results are exactly the same. An additional vertical column 
‘should ba added to the table giving the ratio of æ and y. In the 
‘particular experiment it is found that 9839 in.—7'19 ош. 

à Р 7:199... f 
*. 1 inch 9:889 2'54 centimetres. 

In the discussions, it should be stated that the Percentage of 
error in measuring the length in centimetres and that in inches can 
not exceed more than 0'14% and 0°17% respectively. Hence in deter- 
"mining the ratio of т and y the percentage of error would be much 
more less. In fact, the experimental value of 1 inch —9'54 cm. comes 
‘out correct up to two places of decimals. 


ORAL QUESTIONS 


What is the principle of construction of a linear vernier soale ? What is the 
-distinction between a forward reading and a backward reading vernier? What ів 
meant by the least count of a vernier? Is there any question of parallax error 
in reading a vernier? What is the Accuracy with which a length of Б om. ma; 
be measured with a vernier scale having a least count of '01 cm. ? Is this acou- 
racy greater or less when the distance of а mile is measured with a chain whose 
links are all ono foot in length? In measuring a length with a vernier scale, it 
is found that no vernier line 1з exactly coincident with a main scale line; how 


you measure vernier callipers possesses least .count; how wouid you judge the 
dength of a rod in such а case ? 


M 
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4,22. Inside and Outside Vernier with Depth Gauge 


One form of vernier callipers is provided with arrangements to 
measure the diameter of a rod, the internal diameter of a hollow 
pipe and the depth of a hollow cylinder (Fig. 19). It consists of a 
straight steel bar M with one edge graduated in centimetres and the 
other in inches. One end of the bar ends in two fixed jaws Ji and 


Fig. 19 


Ja. A movable attachment carrying two vernier scales is also 
provided with two identical jaws Ji and Js. The scales aro 
graduated in such a way that when the vernier reads zero of the 
main scale, the straight portion of the edges of the lower and 
upper jaws are in contact, There is & straight groove cut along the 
entire length of the bar along its back side, through which a thin 
uniform steel rod D can slide. One end of this rod is fixed rigidly 
to the vernier attachment and is of such length that When the 
vernier reads zero, the other end of the rod is in line with the end 
of the steel bar. Therefore, when the vernier moves over the main 
scale by a certain length, the end of the rod projects beyond the 
bar by an equal length. The instrument can be used as,— 

(i) Outside Vernier—For measuremer$ of externaf diameter 
of a rod, pipe or ring, the lower jaws Ji Jz are used and the method 
of measurement and procedure is just like that of the ordinary 
vernier callipers. The manner of placing & ring within J, Jı for 
measurement is shown in the Fig. 19. 

Gi) Inside Vernier—For measurement of internal diameter of 
* pipe, ring or cylinder, the upper jaws Ja Ja are used. The jaws 
aro introduced within the hollow of the object and then gradually 
widened so as to touch the opposite ends of the diameter and usual 
readings are taken. In the particular figure the inside vernier is 
adjusted ёо measure the internal diameter of a ring, 

(iii) Depth Gauge—To measure the depth of a hollow body, 
the scale is usually made vertical and the end of the main scale M 
is made to touch the rim of the body. The vernier is then slided 
to such an extent that the end of D touches the bottom of the hollow. 
The vernier callipers is then taken out and usual reading is taken, 

Of course in all these measurements the instrumental error, if 
any, must be taken into consideration and a number of readings are 
to be taken exactly like that of an ordinary vernier callipers. 
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EXEROISES 


1. Measure the internal and external diameters of a glass tubo or copper 
ealorimeter with a vernier callipers. 


Hints :—Theory and apparatus are similar to those of Experiment 4. 


The method of procedure is also similar, only the pair of jaws of tho callipers 
meant for external diameter is to be used for extorpal diameter and the other 
pair for internal diameter of the gluss tube. 


The natare of tabulation of data and discussions are also similar, 
2. Determine ihe volume of a prism with a vernier callipers. 


Hints:—In theory, add that volume of a prism is equal to tho area of the 
triangular base (i base x altitude) multiplied by the height of the prism. 

In the method of procedure, the base length is to be measured by placing the 
prism within the jaws in such a way that any two angulsr points of the base 
touch the jaws. The altitude of the triangular base is measured by placing the 
prism such that the base plane touches ono jaw and the vertex touches the other jaw. 
The height is measured by Placing the length of the prism within the two jaws. 
Of course in each case the zero orror is to be corrected for, 

3. Determine the capacity of a copper calorimeter w. 

Hints :—In theory, add that internal са 
to the depth of the calorimeter internal area 

In procedure, measure the internal ciameter a 


ith a vernier callipers. 


callipers. Measure the entire 


of these two gives the depth of the calorimeter. 
Then, from the equation find the capacity cithor in cubic centimetres or cubio inchs 


Place it such that the opposite ends cs 
Thus, diameters at several places bic 
; D, volume may be found either in сп 
centimetres or cubis inches. 


5. Measure the volume of the given solid cylinder, 


Hint :—In theory add that the volum: 
area of oross-sectlon of the cylinder 


Bth of the cylinder in c 


cross-section is Sq. om. The product of th -section gives 
volume in cubic centlmofres," е length and REAL ot рон 


4.3. Micrometer Screw Gauge 
For measurement of sm 


U-sh of which 
carries a fixed stud A’ wit ^ Ded Боду of steel, ono arm 


; in B ked by 8$ 
drum D. el drum has got a bs Which a screw is wor 

is engraved (a part of which is seen beari j d 70) The 
circular scale contains 50 or 109 AE ра ае provided 
ОЗА Шарах salo, = mast frequently a millimetre seale, As the drum 
D is rotated its collar gradually covers or uncovers the linear scale- 
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Tho screw is so evenly cut that for every complete turn i 
moves throsgh а fixed distance called the pitch of the uo 
screw terminates in another 
similar stud B moving in 
lino with A. There is a 
friction clutch E at the 
terminal of the drum. It 
is always advisable to rotate 
the drum by holding the 
clutch. When the studs 
touch each obher with a 
Soft pressure, the clutch 
would no longer rotate the 
drum but it would slip 
Over 16. This appliance 
is for the cafoty of the milled heeds. 

Principle of Operation—The instrument operates on the principle 
that when a very accurately cut screw works in а nut, the linear 
distance through which the screw moves is proportional to the 


amount of rotation given to it. 


Pitch of Screw Gauge—To find t 


clutch so that the drum uncovers a fe А e 
Now compare the divisions of this soale with a laboratory scale, or if 


necessary with a pair of dividers and determine the value of the 
smallest division of the scale in centimetre or inch as the case 


may be. y 
Then with the help of the friction clutch bring the edge of the 

m on any graduation of the linear scale and 

mark ding of the circular scalo against the reference line 
Sie dH i ( wn in the figure 20, the 


(horizontal line) of t 
Singular division coinciding with the reference line). Now slowly 


rotate the circular scale always О ‹ 
.passes by the linear scale. When the same circular scale mark 


would come against the linear scale, observe the position of the edge 
of the collar. The circular scale has evidently been rotated through 
one complete iurn and the amount of linear movement of the collar 
on tho linear scale is the pitch of the screw gauge. If the pitch 
of the screw is ? mm. and if the total number. of circular divisions 
on tho micrometer head be m, then for в rotation of m divisions of 
the screw, i5 moves linearly through п mm. Therefore, for rotation 

reular scale, the micrometer head moves the 


of 1 division of the ci n er he 
sorow through в dishance nim mm. This quantity is called the 


least couat* of the micrometer. 
Thus in general,— 


Fig. 20—Screw Gauge 


he pitch, rotate the friction 
w divisions of the linear scale. 


tineis Pitch 
Dese oun’ Number of Circular Seale Divisions 


if the pitch of a screw gauge is found to be 1 mm., and number 
poe EXE isons D 100; then, the least count of the instrument is 


of circular scalo 
150 таш,='01 mm,='001 om. 


p P/3 


34 INTERMEDIATE PRAOTIOAL PAYSIOS 


Instrumental Еггог—16 is often found Particularly wlth old 
instruments that the micrometer zero and the main scale zero are 
not coincident when the studs are in contact, The micrometer zero 
may be bshind or in advance of the main scale zsro by a certain 
number of divisions 7 of tho circular scale. If the count is c, then 
the instrumental error is either -Frcor- rc according as the circular 


Fig. 21 Fig. 22 


scale leads or lags, exactly like that of vernier scale, In Fig. 21, 
the circular scale reading is 12, while the studs are in contac, So 
the instrumental error is 12. But in Fig 22, the circular scale 
reading is 87 while the studs are in contact. So it lags by 18 
divisions in respect 00 coincidence of the scales. If the least count 
of the instrument is ‘01 cm. then the instrumental error or what is 
commonly called the zaro error is —'13 om. 


Back-lash Error—This is an error characteristic of a micrometer 
screw. Within every nut there is a little space for the play of the 
sorew. With a continued use the screw and the nut wear away 
gradually due to friction and this space increases more and more. 
The resul is that when the screw is turned continuously in one 
direction, the stud at the end of the screw moves aa usual; but 
when from some point the screw is rotated in opposite direction, the 
stud does not move for a while. The error introduced on reversing 
the direction of turning is called the Back-lash error. This error is 
avoided if the micrometer screw before taking any reading, is always 
turned in the same direction, With new instruments this error is 
minimum, 


Date— EXPERIMENT 5 
To Measure the Diameter of a piece of Wire with a Screw Gauge 
and hence to find its average Cross-section 

Theory—The Jeast count of a screw gauge is equal to the pitch 
of the Sorew divided by the number of divisions on the circular 
scale. The thickness of an object just fitting between the studs ig 
given by the actual reading of the instrament plus or minus the 
instrumental error as the case may bo, 

Apparatus—A screw gauge and two samples of wire (No. 22 and 
No. 26 S.W.G. say). 

[Here a description of a scre 
drawn on the blank page.) 


Procedure—Find the value of the smallest division of the linear 
soale with reference to а metre soale, Bring the edge of the collar 


W gauge is necessary and а diagram of it ів to be 
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carrying the circular scale on any graduation of the linear scale, and 
give the micrometer screw a complete turn and note the distance 
through which the edge moves. This distance gives the pitch of the 
screw. Thon count the number of divisions on the circular scale. 
Thus, dividing the pitch by the number of divisions on the circular 
scale, obtain the least oount of the instrument. (Vide рр. 34.) : 


To determine the instrumental error, turn the screw head во that 
the studs are just in contact and take the reading of the circular 
Scale against the reference line of the linear scale. Take three such 
readings as shown in table 1, p. 35 and calculate mean value. 

If the zaro of circulir scala is now against the zero of the linear scale, there 
1з noinstrumontal error. If the edge of the collar is in advance oi the zero of the 


linear scale tha iastramental errors is positive. If, on the other hand, tha 
elge of the collar is behind zero, th» instrumental error is negative. 


Thon open out the studs sufficiently and introduce the wire under 
maasuramant braadthwise into the space so made. Slowly turn the 
Screw by the friction clutch іл ons direction so that the studs gently 
press the wire at opposite ends of a diameter. Take reading of the. 
last visible division of the linear scale and the circular scals which 
is opposite the base line, А? each region of the wire take two 
re&lings perpendicular to each other. Озе is called the direct 
readiog (D) and the othor the crossed reading (O). Take three or 
four pairs of such readings at different parts of a wire specimen and 
enter observations as shown in Table 9, p. 86, 


Find the mean value of the readings obtained and add or subtract 
the instrumental error to this mean, as the case may be. The final 
resulb gives; the required diameter. 


Results :— 
The smallest division on tha linear scale = 0'1 om. say. 


Pitch of the micrometer screw = 0`1 om. 


Number of divisions on the circular scale=100. 


* 0`1 б 
17. Least count of the microneter = 155 = 0001 em, 


1, Determination of instrumental error :— 


an ate Frac- Instru. 
Position ЧЕ; Eon Circu- | tional| Total | Moeau| mentul 
of oa scale) jar part em. ош. error 
Collar А8 | О°Ш | scale | om. om, 
i. 0 99 .099 0"099 *1—:099 
Behind | 9. o | 99 .099 | 0'039 
linear 3. 0 99 *099 0039 | 0'099 =`001 
PETS 4 o | 98 098 | 008 
5. o | 93 ‘099 ` 0099 
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2. Determinaticn of the diameters of two samples of wire [(1) 
No. 22 S W.G. wire snd (2) No 26 S.W.G. wire.] 


fe Circu- | Frac- Instru- | Corrected 
Body |5 S|Lirear | lar tional Totaly | Mean | mental Diameter 
ii Al Scale | Scale part error cm, 
| cm. | em. | сш. | em, 
0 70 оош vuU | 
0 71 0071 0'071 | 
0 71 0'071 0'071 | 0'0704 | +0°С01 ‘0714 
0 11 O'CTL 0071 
0 70 0070 0'070 
0 70 0.070 0:070 
о | 45 | 0045 | 0045 
o | 45 | 0045 ! 0045 
0 45 0:045 0045 | 00455 | +0°001 *0445 
0 46 0:016 0:046 
0 46 0:016 0046 
0 46 0 044 0044 . 
Radius of 1s& wire= UE 70357 cm. 
'0454 


Radius of 2nd wire--77 —'0997 cm. 


Hence the average cross-section of No. 99 S, W. О, тіге == 
3`14х 0357? —0 004 sq. om. and that of No. 26 8, W. С. wire 
=3'14 х '0227° —0'0016 sq. cm.* 

Discussiens—The actual diameter of No. 22 S, W. G. wire as 
obtained from tte Table of Constants is 0'0711 cm. and the measured 
diameter is 00714 cm. The percentage of error is therefore 0'6%. 
For the other specimen the actual diameter is 00457 cm. while tke 
observed one is 0'0445 cm, the percentage of error being 0°26%. 


The back-lash error has always been avoided by turning the 
screw inwards. Since the leash count of the instrument used is 
0°001 cm., we can expect to have accuracy upto the third place cf 
decimals, although the fourth place has been obtained from a cal- 
culation of the mean value. А greater sceuracy could have been 
attained by using a screw gauge having a pitch of 0'5 mm. ard a 
circular scale containing 100 divisions. In that case the least count 
would have been 0'0005 cm. and we would have obtained a result 
correct upto the fourth place of decimals directly. 


*A typical calenlaiion by using log table is shown here. All calculations should 
be віс ууп on the left side page of the fair Table Noto Book. 

Let 3:14 x 057* =a- Then logis (314 x 03577) 100,02 
or log;o 9'14--2 10810 '0257 —log,; = 


From Log Table, log 3'14 = 0'4969 Л log z=3€023 ^ 
log 0857 = 25597 cr, z-antilog 3:6023 
log :0357 = 92:56597 = '004001 sq. cm. 


ошкыл T T л 
By addition 86023 (Found from Artilog Table) 
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EXERCISES 


1. Find the mean external and internal diameters of the glven copper calori- 
meter with the vernior callipers. 

9. Find the volume of the given cylinder with the vernier callipors. 

8. Find thoaverage thiokness of a glass piece with the screw gauge. 

4. Find the averags cross-section of the given wire with the screw gauge. 

5. Measure the diameter of the given ball with the slide callipers 

Spherometer—A spherometer is used for the measurement of 
small thickness of plates end also for the determination of the radius 
of curvature of a spherical surface. It 
works on & similar principle as that of a 
micrometer screw gauge. 

It consists of a frame-work supported 
on three legs A, B and O of equal length 
(Fig. 93). Tho legs have pointed ends 
and are equidistant from one another. In 
& nut at the centre of the frame a fine 
screw having a pointed end E works 
forming an adjustable central leg. There 
is a round graduated disc D at the upper 
end of the screw and it is fixed rigidly 
with the milled head M. A small scale S 
is fixed vertically at one end of the frame 
very close to the disc aad is usually 
graduated in millimetres. Fig. 28 

In a carefully designed instrument the zero line of the main 
scalae and zero of the circular scale should coincide when all the legs, 
including the central one, just touch a plane surface. But with 050, 
this adjustment is lost and the edge of the disc is below or in 
advance of main scale лэго when the four legs stand on the same 
plane involving a positive or negative instrumental error. The 
algebraic siga of this error depends upon the direction in which а 


subsequent measurement is to be made. 


Date— EXeERIMENT 6 


To determine the Thickness ofa Plate Glass with a Spherometer 


"heory—The thickness of plate is equal to the difference of 
tho readings of the spherometer when its central leg first touches 
the upper surface of the plate and then the plane sheet on itch 


Other legs rest. 


The least count of the spherometer is equal to the pitch of the 
central leg divided by the total number of divisions on the circular 
dise, 

Apparatus—A spherometer, а piece of plane glass (base plate) - 
and a thia plate glass (test plate). 

Procedare—Determine the value of the smallest division of the 
vertical scale attached to the frame of the spherometer with the 
help of an auxiliary «cale. This value is generally 1 mm. or ‘5 mm. 
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Rotate the screw by its milled head for a complete turn and observe 
how far the disc advances or recedes with respect to the vertical 
scale attached. This distance gives the pitch of the instrument. 
Then count the tctal number of divisicns on the circular scale. The 
number of divisions on the circular scale is generally 100 or t0. 
Then the pitch divided by the number of divisions on the circular 
Scale gives the least count of the instrument, Recheck your fird- 
ings before entering your data. 


Place the spherometer upon a plane glass pieco usually called the 
base plate, and slowly turn the milled head so that the tip of 
central leg just touches the surface of the glass (Fig. 23). When 
the screw head just touches the base plate, then on looking obliquely 
at the plate egainst a bright back ground, the screw heed and its 
image by reflection at the plate would appear to touch each other. 
On slightly moving the screw in the same direction, the spherometer 
legs would be found to develop a tendency to slip over the plate. 
This is the position when the tips of all the legs and that of central 
screw are touchirg the plane of the plate.* Now, take the reading 
of the main scale nearest the edge of the disc, Take alto the 
reading of the circular head against the linear scale and tabulate 
the results as shown below. Take five such readirgs for different 
positions of the instrument on the base plate. Tke prcduc& of tke 
circular scale readirg and the lessb court gives tle fiacticral jart. 
The main scale reading plus tbe fractional part gives tbe total 
reading. Take a set of five readings and obtain tke mean value. 

Мех", with tbe spherometer on the base plate raise up the contre} 
gerew and introduce the glass plate whose thickness is to be measured 
between the base plate and the screw. Turn the ecrew head again till 
it just touches the plate, the rosilion of contact being examined as 

та previously. Таке the readirgs of the 
linear and circular bead. Move up the 
central screw and slightly shift the 
position of the test plate and take 
readirgs for the thickness of tie test 
plate at this position. Take a third 
веб of readings for another rosition of 
the plate. Turn tke plate uprice 
down and take three such readings in 
a :imilar way. Firally, calculate the 
mean value. The difference of the two 
mean values gives the average thicke 
ness of the plate. 


Fig. 24 


[It the spherometer is cld, the plane ot the diso slightly cscillates as it rotates, 
In that case, it is not proper to take the linear scale reading as this involves 


*The exact setting cf the central leg requires some practice and experience, If 
tke central leg has becn turred Cown too much, the frame of the rpbercrceter 
would te fovnd rccking ard :piniring atout the сез tral leg when the screw bead 
is touched. In such à case the central teg ғһоџ)а be raisid тр by one or two reyo- 
Antions and is then again turned down until the slipping of other legs just commer сер, 


OO 


| 
| 
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а serious error in the reading of the linear scale. It is proper then to count only 
the total number of oironlar divisions passed through from the initial to the final 
stago, This is explained fully in the following lines] 


Results— 
The main scale is graduated in millimetres (suppose). 


Pitch of the micrometer screw=0°5 mm. —0'05 cm. 
Number of divisions on tbe circular scale=100. 


Least count of the instrument = 099 2 010005 em. 


100 
Readings | No. of Lincar | Circular Frac- Total 
on Readings | Scale | 8 le tional reading Mean 
= A Ж part 
. em, cm. em. cm. 
> 
Baso platoj — 1. 0.) — 8 | —00015 =0 0015 
3. 0 Za |-o0000 | -00010 | —o'001 
3. 0 Z 3 | -00015 | 00015 
4, 0 Z 1 | —00005 | -00005 
5. 0 o | 00000 0 0000 
The 1; TH 15 | 00075 0:2075 n 
2, 02 18 | 00090 02090 205 
Dita Arg 0a 20 | 0010 02010 
turned 1, 03 18 00690 0.3090 03005 
upside а. 02 19 0 0095 0 2095 
down 8. 02 30 0010 0:2010 


Diseussion— The mean of the micrometer scale readings on 
the plate glass is found to be 19 and the minimum reading is 15. 
This makes the maximum variation of 4 circular scale divisions 
Which is equivalent to a linear movement of the screw through 
4x0°0005=0'002 om. Thus the maximum error in reading = 
thickness of 0°2062 cm. might have been 0 002 cm. which means & 
Percentage error of 1'0%. 

Care must be taken to see tbat the central screw just touches 
the plate. The screw must not be turned down any further when 
Once the spherometer begins to ‘swing: 


ORAL QUESTIONS 


What are meant by the pitch of a screw and the least count of a screw gauge ? 
What is an instrumental error and how to find 16? Explain a back-lash crror and 
the method of avoiding it. Why is the instrument called spherometer ? 


How do you check that all the four Lgs have stood on the plate? You are 
Provided with two spherometers having Man equal least count; but pitch of one 
Screw ig 1 mm while that of tho other is 05 mm. which would you prefer for 


à more accurate measurement 

Alternative Method of Measurement of Thickness—With в 
continued use, the parts of a spherometer wear out and aro 
thrown out of adjustment. For example, it may happen that 
when the zero of the circular scale comes against the linear scale, 
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the edge of the circular scale may not coincide with any scale divi- 
sion ; or when giving a complete rotation of the dise, the edge of 
the diso may oscillate up and down the linear scale graduation. It is 
then a matter of difficulty azd confusion to take the reading of the 
linear scale. 

For circular heads having very little adjustment with the linear 
scale the following method proves very convenient, Find the pitch 


of the central screw by giving it a few complete turns and as usual j 


calculate the least count of the spherometer. Now place the sphe- 
rometer on the base plate and raise the central leg sufficiently, 
Tasn place the plate under the central leg and scrow it down во 
that it touches the base plate, the state of contact is always to be 
judged b; the slight swinging of the spherometer. Then note the 
division of the circular scale against the linear scale. Now take 
away the plate without removing the relative position of tke sphe- 
rometer and the base plate and screw down the central leg slowly. 
Count the number of rotations of the circular head, till the 
central screw touches the base plate. The total count may be done 
by two instalments—by the number of the complete revolutions of 
the dise and the difference of initial and final disc readings. These 
two are added together in proper units to get the true reading. For 
example, suppose that there have been 3 full rotations and the 
fractional part is 45 divisions If the pitch of the screw is 0'5 mm. 
and least count is 0'005 mm, then the thickness of the plate is 
8х'5+45х '005 mm.-1'5--'22b mm.—1'795 mm. Ofcourse one 
reading is not always sufficient and a number of readings are fo 
be taken. It is always advisable for students to practics both the 
methods with a spherometer. 

The Tabulation of Results should be done in the following 
way. 

Pitch—0'6 mm. Least Count=0005 mm. (вау). 


8 No. of cim Least L,O. x Actual 
3 complelo| Santee oount Disc Reading 
g| revola- ТЕП ТО Reaiing 

“| tion mm, | Initial | Final| Differ- mm. mm. 

ence 

T 3 T5 32 80 48 “005 0:23 1740 
als ji 7 | ai а ‘tos | биз | usa 
5.18 I5 # 8) > 005 02:5 1.786 


For measurement of depth, difference —initial— final For height, 
‘difference = final — initial. 


Theory of Measurement of the Radius of Curvature— This 
instrument may also be used to measure the radius of curvature 
of a spherical surface: hence the name spherometer, The following 
-is the method of procedure. The reading of the spherometer is 
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taken as usual on a plane sheet of glass. Let the mean reading 


Г 


be e. 

Then the central screw is raised 
up, if necessary, and the sphero- 
meter is placed on the spherical 
surface such that the fixed legs 
are all on this surface. Then the 
screw is turned down slowly as to 
touch the spherical surface. In 
Fig, 25, A, Band O are the ends of 
the fixed legs of the spherometer on 
the spherical convex surface and E 
the central leg just touching the 
surface. At this position the reading 
of the spherometer is taken. Five 
such readings are taken at different 

. positions of the surface and the mean 
is found. Let the mean reading 
be b and suppose that b-e=h. 

Next the cantral screw is raised up, if necessary, and the sphe- 
rometer is placed on.a piece of white paper and is slightly pressed. 
Three dots corresponding to the ends of tho fixed legs are imprinted 
on the paper. Th3 distances between the dots are separately meos- 
sured with a pair of dividers and metre scale or with a diagonal 
scale and the mean value is calculated. Let it be c. Then the 
radius of curvature R of the spherical surface is given by,— 


Fig. 95 


' To prove &һе above relation, imagine a plane to pass through 
the points A, B and O on the AD er. This ud о 
t i i ction of whic e poin 

he surface in а circular se bw ERU ur 
point O is obtained by 
producing direction of 
the middle leg E so as 
to out the plane ABPO, 

Draw a diameter AOP 

of the cirole. 


Imagine another verti- 
cal circle to pass through 
the points A, E and P 
i on the spherical suriace 

Bie Fus (Fig. 27). The radius of 
this circle is evidently the radius of curvature of the spherical 
surface, The middle leg of the spherometer moves at right angles 
to the plane ABO which passes through the tips of the fixed legs. 
Since the line AOP lies in this plane, the line EO which gives the 
direcsion of motion of the middle leg is perpendicular to it, Thus 


A^ 
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the line EO measures the depth of the plane ABPO below the point 
Е and is equal to the difference of readings Л of the spherometer 
on the spherical surface and the plane surface. 


Since О is the centre and AP is the diameter of the circle ABPO 
(Fig. 26), O is the middle point of AP. Again the circlo AEPG 
(Fig. 27), in which AP becomes the chord and is bisected at its 
middle point O by & line EO at right angles, HO if produced passes 
through the centre S and meets the circumference at a point G. 
Thus EG is the diameter of the circle AEPG. If the radius ES of 
the circle be R, then 

EO x OG = AO x OP, that is, EO x (EG - EO) = AO x OP 

h (2R-h)=AO* 
AO? Rh 
whence R oh TY 


Fig. 26 represents the circle ABPC, on which the points A, 
B and O correspond to the tips of the fixed legs of the spherometer 
on the circumference and AOP is the diameter. Since the fixed legs 
are equidistant, the triangle ABC is equilateral and each angle of 
this triangle is equal to 60°. Further, атс AOP = АВР and also arc 
AB=are AO standing on equal chords. Therefore are PÜ- arc PB 
and hence ZPAO= ZPAB=30° 
Now, AC=AP cos 30? 
=2A0 cos 30° 
Й АС Аб е 
ба АО= = 48 am ж 9 
9 сов 30? N3 3 
А АО? р 033 5 
Finally, R-2——.,-7..— .,-— 
» d an * 9764 * а 


Date— EXPERIMENT 7 
To Measure the Radius of Curvature of a Spherical 
Surface with a Spherometer 


. Theory— The radius of curvature R of a spherical surface is 
given by the equation 
2 
h 
еде и 
65 * 9 
where c=the mean distance between the fixed legs. 
and h=the difference of the spherometer readings on the 
spherical and the plane surfaces, 


Apparatus—A spherometer, a convex lens, a metre scale and a 
piece of white paper. 


(A brief description of & spherometer is necessary and a diagram 
as that of Fig. 24 is to be drawn on the blank page.) 

Procedure—Find the pitch and the least count of the sphero- 
meter (vide Expt. 6). Place the spherometer on a piece of plane 
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glass (base plate) and take the reading of the instrument when the 
central leg touches the plate (follow the instructions for this 
Procedure as given on г: 38). Take five readings on different parts 
of the base late. The mean of the readings repretents the reading 
on the plane eurface. Let it be b. 

Next raise the central screw and place the spherometer on the 
convex surface. Turn the screw down slowly till it touches the 
surface, when a small swing of the instrument is noticed. Take the 
readings of the linear and circular tcales ab this position, Place 
the spherometer ab five different positions on the spherical sur- 
face and take the reading of the instrument each time when the 
central leg touches the surface. The mean of these readings rerre- 
sents the reading on the epherical surface. Let it be a The differ- 
ence of a and b represents h. 3 

Now place the spherometer upon & piece of paper and slightly 
Press it so as to leave three dots on the paper corresponding to the 
fixed legs. Measure tho distance AB, BO and OA separately with 
& vernier scale avoiding parallax and applying eye estimation or 
with a divider and a metre scale. The mean of the distances 
reprerents c. Finally, with the belp of the formula already proved, 
calculate the radius of ourvature of the spherical surface. 


Results— 


The pitch of the mic ometer sorew = 0'5 mm, = 0°05 cm. (sa). 
Main scale graduated in millimetres (suppose). 
Number of divisions on the circular scale = 100 


The least count of the instrument -005 = 0'0С05 cm. 


The distance AB between the legs = 3°15 cm. 
The distance BO between the legs = 3.95 em. 
The distance CA between the legs 7320 om. 


Mean distance between the legs=320 cm. 
set of readings is given). 


Spherometer Readings—(A typical 


Readi No. of | Linear Circular | Fracticnal 
on Be Readings Scale Scele | part Total Mean 
fied cm. cm. om. cm. 
T 0 11 0:0055 0:0055 
Glass 2. 0 9 0 0015 00045 0 0055 
Plate 3. 0 12 0 0060 0.0060 =a 
4. 0 10 0 0050 000.0 
5, 0 13 0 0065 0:0065 
ылы SECO 15 67 003-5 0 1905 | ie 
Spheri И 015 66 070330 | 01830 "1821 
Meier $ 0:15 60 0 0300 | 01800 -b 
surface 4 “O15 61 0.0305 01805 
Б. 015 65 0,0 85 01895 ' 
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<. h7b-2-701821-00055—01763 em. 
Gv p 3'90* 01766 .. 4. 

= = + -9 : 

Leu Br cht um вхолчев 3 AS 

Discussion—In the above experiment although the sphero- 

meter records readings upto the 4th place of decimals, the mean 

distance between the legs could be measured approximately upto 

the 2nd place, Hence it is of no use to push the result to more 
than 2 places of decimals, 


The msan distance between the legs should be measured ac- 
curately. Since this term occurs as a square, any small error in its 
measurement will be magnified in the result. Hence, in some cases, 
this distance is measured with a microscope baving vernier attach- 
ment. In the determination of R the quantity 4/2 may be often 
neglected as compared to c2/6h, 

Assuming that the maximum variation of reading of c could 
nob have bean more than 005 ст, in a mean value of 3'20 cm and also 
the variation in k із 0'0015 cm. in а mean value of 01768 om. ; 
the percentage of error in calculating R is very nearly 2°3%. 


ORAL QUESTIONS 


How сэп a spherometer be used to measure the radius of curvatiro of a 
surface? Can it be used to measure the radius of curvature of cylindrical surface ? 
If not, why ? What is the order of radius of curvature of a surface you can 
expect to measure with a spheromster whose least count Is 0'001 cm.? What 
precantions ara you to take in mea'uri g the radius of curvature of a surface ? 


.. How can you justify the statement that a more accurate reading is possible 
with a spheromete: with its central leg being of a shorter pitch? Is it possib!o to 
measure ths radius of curvature of a surface with a sphoromoter whoso middle log 
does not piss through the centro'd of the other three logs? If not, why? Is 
the reading of а spherometer affected by a change of temperature ? 


EXEROISES 


1. Measure th» internal and external r:dii of curvatures of the given watch 
glass with the spherom-ter supplied. 

2, Measure the radii of curvaturs of the given convex lens as also the dia- 
meter of the aperture of the lens. Honoe determine th» thickness of the lens. 

8. Measure the density of the material cf a brass ball from a knowledge of 
its mass ard radius of curvature. 


Graphical Representations and their Uses 


When two quantities depend upon each other in such a way that 
a change in one produces a corresponding change in the other, they 
are сӣ variables. In the world around us we come across very 
many variable quantities. For example, ib is well known that the 
volum? of any substance changes with its temperature, Here volume 
and tomoera$ure depend upon each other; consequently any change 
in &h» temperature of the substanca produces a corresponding changa 
in its volame. Again, when a body is thrown vertically upwards 
against gravity, its velocity gradually decreases with height. Thus 
velocity aad height depend upon each other and are therefore 
variables. Of a pair of variable quantities one can beo directly 
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controlled by experimental conditions and it is called the independent 
variable. The other quantity, which undergoes a consequent change 
As an effect, is called the dependent variable. 

The relative variation of the two variable quantities can be 
conveniently studied on a graph paper in the following way. For 
any particular value oJ the independent variable there would be & 
corresponding value of tha dependent variable. The two values form 
а pair and are oalied the co ordinates of а point on the graph paper. 
For example, suppose that we have obtained a variation of a'mo:pheric 
temperature of two localities with different hours of a day, as 


supplied by the following charte. 


Date— 10th January, 1954 
Time—Temperature Chart 


At Омсайа At Lahcre 
Hours Temp. Hours Temp. Bours Temp. Hours Temp. 
A.M. or P.M. oor AM. | OF P.M. | or | 
0 50 2 74 0 | 47 2 86 Н 
3 49 4 69 2 43 4 тв 
4 48 6 65 4 | 42 6 68 
6 50 8 60 6 | 48 8 59 
8 55 10 55 8 | 46 10 53 
10 58 12 51 10 | 67 12 47 
12 65 — — 12 | 70 = = 


Selection of Axes of Co-ordinates — A squared graph paper is 
now taken, which consists of two sets of equidistant lines cutting 
each other at right angles. (Fig- 98) The point of intersection of 
any horizontal line and a vertical line may be taken as tbe origin 
of co-ordinates and those two intersecting lines are then called two 
axes of co-ordinates. The point О at the centre of the squared paper 
may be taken as origin. The horizontal axis XX is called the 
abscissa and the vertical one YY’ the ordinate. The two intersect- 
ing axes of co-ordinates divide the graph paper into four chambers 
Or quadrante. If from the origin we go towards the right hand side, 
ib would indicate а positive dircction of abscissa; a vertically 
Upward direction alorg the ordinate will give rositive value of this 
со ordinate. Oonversely tho left hand direction from the origin along 
the abscissa or the vertically downward direction along the ordinate 
from the origin would mark the negative values of corresponding 


Co-ordinates. 


There is no hard and fast rule regarding tho choice of the origin 
on the graph paper. The position of the origin on the graph paper 
may bo any point such as Оз, Oa, Оз etc, according to the units 
and limiting values of the co-ordinates. If tho limits of co-ordinates 
of both the variables 2 and y extend from positive to negative values 
the origin іє to be losated somewhere at the middle pars of the 
graph paper, If the variables have positive values only, the origin 
may be conveniently риб at O, the left bottom corner of the paper. 
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Se‘ec:ion of Uaits—After fixing up the po:ition of the origin, 
units of measurement along tha axes should be chosen properly. 
It is customary to measure the independent variable slong the 
abscissa and dependens variable along the ordinate. As a bigger 
graphical representation shows 5 greater detail of the relation, it 
should always be the look out of a student to w/ilise as much of the 
squared paper as possible to draw the graph. Unless required for 
some special reason the iatersection of the axes may not be taken as 


Y; Үз Y Y: Ya 


Y; 


Fig. 28—A Squared Paper 


the zero value of the variables. We may pub any arbitrary values 
of the co-ordinates at the origlo. For example, suppose that we are 
required to draw the graph of the independent variable between the 
limise + æ and + b and the dependent variable between the 
limits + c and + d. То do this, if the units on the two axes are 
chosen in such a way that almost the total length of the abscissa 
contains values from a to b and the ordinate from c to d, the whole 
of the squared paper would be utilised, In the particular illustration 
tha values of hoirs of the day, taken as the independent variable 
along c axis, are found to уагу within the limits 0 A.M. to 12 P.M, 
Hence the units On the abscissa are so chosen as to contain values 
from 0 to 12 in 9 Parts. Similarly as temperature changes from 
42°F to 86°F tho ordinate ів graduated to contain values from 
40 to 90, Thus the curve covers almost the whole of the 
graph paper. 
Plotting о? Points—Each point obtained on the graph paper 

represented by either a small cross (x) ora аша circle (0), i 


—— 
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She particular illustration the hour-temperature points of Calcutta 
are identified by small circles and those of Lahore by crosses. 


Drawing the Curve—Finally when all the points have been 
plotted on the graph paper, freehand smooth curve is drawn through 
the points. This process is technically known as smoothing the 
curve, If а smooth curve cannot be drawn satisfying all the points, 
then an even curve should be drawn, so that a few points lie on 
either side of the curve. 


One or two points may be found to lie ай a considerable dis- 
tance from the graph so drawn. These points arise out of spurious 
errors in observation and may bo left out of consideration. A 
typical freehand smooth ourve is shown in Fig. 29, in which one 
spurious observation is recorded. 

In drawing a precision type of в graph from experimental observations, 
the probable percentage of error of such a set of observations is caloulated 
Previously. Each reading on the graph paper is represented by a short line with 
its centre coinolding with the actual observation, The length of each line gives 
& probable variation of tho reading. Finally a smooth curve is made to pass 
through the system of short lines (vide appeniiz at the end of the book). 


Study of Graph—A graphical representation offers a ready 
method of studying the relation between the two variable quantities. 
When the graph exhibits a straight line 
Parallel to any co-ordinate axis, it shows 
that any change in the variable, measured 
‘along that axis, does not affect the 
Quantity measured along the other axis. 
Jf on the other hand the graph shows a 
Straight line inclined to both the axes, 18 
indicates that the relationship between «| 
Variablos is linear and any regular changes 
of one variable produce uniform changes s 
of the other. In general, when the nature 
of the graph is a regular curve, namely iit Hil 
a circle, a parabola, a hyperbola or an Hours’ 
ellipse, it is possible to find directly the 


equation to the curve. The graph 
between two variables is in a few cases irregular in which case the 
mathematical relation may be found by a method of computation. 

In the particular illustration of the graph, it is noticed ab a 
glance that the temperature variation curve аб Lahore (chain curve) 
is more steepy and rises to a higher peak from a deeper level. 
Hence it may be inferred that climatic condition there is more 
extreme than that of Calcutta. 


» 


Fig. 29—To draw a graph 


EXEROISES 


1. Draw a graph with the following data showing the relation between the 
Oentigrade and Fahrenheit scales and hence show the Centigrade reading corres- 
Ponding to the normal humaa temperature of 98'4*F. 
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E е 


1 | 
Fahrenheit | goco | s5co | 9000 | 9500 | 10000 | 10500) 1100 
temperatures | , 
Centigrade Y : | x } 3 PME + Р 
Сезе. | 2666 | 2944 | 32:92 | 35°00 | ar? | 4055 | 4939 


————————————-— 
2. Draw a graph showing the relation between the dersity of water in gram 


per cubic centimetre and centigrade temperature with the following data and hence 
find the temperature at which the density becomes 0'999950 gm. por c.c. 


E e a | 
I 
Temp. Density in Temp. Density in Temp. | Density 
in°O gram per c.c. in°O gram per c.c, | in°O | gram per o.c. 
| 
0 0999811 8 0999955 | 6 | 0999941 
af 0:999902 4 0:999973 | 7 | 0'999302 
2 0'999941 5 0 999965 | 8 0'999810 


a 
8. Draw a graph of c=sin 0 ketween tho limits 0° and 180° from the 
following data : 


0 0'00 50 0'76 90 1:00 130 0'76 
20 0'34 60 0'86 100 0't8 145 0'57 
30 0:50 70 0'94 110 0'94 160 0:34 
40 0'64 80 0:98 120 0:86 180 0'00 


4, Show graphically that, 
(1) y?=4a represents a parabola 
(ii) @y=81 represents a hyperbola. 


Measurement of Angle 


The idea of an angle is derived from an attempt to represent 

rotational motion of bodies. Let 
aD & body of any srbitary shape 
be revolving on the plane of the 
paper about an axis O in an 
anticlockwise direction. (Fig, 80) 
Let it occupy the position giver 
by the solid line at any inetant 
of time and let any straight line 
AB be drawn upon it to pass 
through O, As the body ro- 
Fig, 80—Rotation of a Body fates, the line also rotates 


і through the point i 
game direction. Let the line occupy the position ор AS UT. 
interval. j 


i aii 


FUNDAMENTAL MEASUREMENTS 49 


A point P on the line AB at the end of the interval occupies tke 
position Q by tracing out a circular are PQ and similarly another 
Doint X traces an are XY in the same intervai. Similarly all other 
points of the body would move over circular arcs with the point O 
as the centre. It is found by actual measurement that, 


are PQ are XY 
PO XO 


This ratio is constant for every point of the body and is, therefore, 
a measure of the amount of rotation of the body at this particular 
instant. The rabio of an arc to the corresponding radius is called 
ап angle in circular measure, Thus, the rotational motion is ex- 
pressed by the angle turned through by tbe body during some 
particular interval. 

The unit of angle on this measure is called a radian and is 
defiaed to be the angle subtended at the centre by a circular arc 
of length equal to the radius, The time for every complete reyo- 
lution of the body is called its period. It is a fact that the circum- 
ference of a circle stands a constant relation z with its diameter. 


circumference |. _« *1415 


Now = T —3'1415...... 
- diameter 
cirentafarenng 2m .. circumference = 27 X radius. 


radius 
Tho number of radians for a complete revclution 


length of the circumference _ gy = 6*2830. 
radius 
The value of 7 cannot be expressed as an exact fraction but it 
an only be expressed correct fo tome definite places of decimals. 
To exoress an angle in term of a radian, a circular arc is drawn 
with the apex of the angle a3 centre. Next the length of the are 
subtending the anglo is measured accurately, Then the angle ex- 
pressed in radians is given by the quantity, 
length of the are 
length of the radius 
Another more convenient unib of argle is chosen by dividing 
the circumference of a circle into 360 equal parts. The angle at the 
centre subtended by any one of the ares is called в degree. The 
angla subtended at the centre by a semi-circle contains 180 degrees 
and that by one quarter of a circle contains 90 degrees, called a right 
angle. The multiple and submultiples of a degree are the following :— 
1 Right Avgle=90 degrees (90°) 
1 degree (1°) =60 minutes (607) 
1 minute (1' =60 seconds (60”) 
Since a semi-circle subtends an angle of 7 radians as also 180° 


аб the centre, 


т radians =7° = 180? 


. sap = 180° _ 180° ро qe) в” 
S. 1 тайап = = 34415 51° 17' 448 


P. P/4 
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Examples 


1. Express 80° in terms of radians. 


A. Since 180^— x^, 1E 
180 
30° = к ЖЫ n radian = 0'523 radian. 


2, An angular vernier can read upto half a minute. What is its vernier 
constant in radian ? 


71.81 feo ега qug. ы 
A. Since 180°=7°, 1 180 an 380x60 
`5'= as 291415 vais. 145 107* radian 


~ 180x60x2 21600 


3. A railway locomotive is provided with two sets of whecls of diameters 5 ft. 
and 2 ft. respectively. Calculate the number of revolutions each type oi the whee) 
will maks in covering a distance of 10 miles. 

А, The diameter of bigger wheel=5 ft., hence its radins=2'5 ft, 

Distance moved for 1 revolution = circumference of the wheel=27r X95 ft. 

No. of revolutions for 10 ilena 0261780 8e gerer 
31415 x5 
In a similar way, it can be shown that for the smaller wheel, 
10x 1768 x8 
ð 1415x92 

4. A fly wheel of diameter 1 motre revolves 200 times per minute, Calculate 
tho linear velocity of a point on the rim of the fly wheel, 

A. A revolution of 200 per min,=39% per sec, One revolution of tho wheel 
=860° rotation of any point about the centre— 27 radian rotation. 

s. Angular velocity of the wheel=392x2r°=2270 
Hence linear velocity of any point on tho rim 
=angular velocity x radius=2,2x x50 cm.[sec. 
1000 x 8 1415 
cj 

Protraetor— This apparatus is used for the measurement or 
construction of an angle in degrees. It consists of a semi-circular 
piece of metal divided on its 
circumference into 180 equal 
parts, each called a degree 
(Fig. 31). The soale is gra- 
duated both ways. The lower 
straight edge of the piece 
forms the diameter of the 
semi-circls having the centre 
at О. Protractors supplied 

Fig. 31—Protractor in ordinary mathematical in- 
graduated with divisions of full aoc ke box are generally 


; е, "There isi 
types of probractors having $ or $ degree ag the келү к 


no. of revolutions for 10 miles= = 84103 


em./sec,=1047°16 cm [sec. 


FUNDAMENTAL MEASUREMENTS. ` BL 


Date— EXPERIMENT 8 


To measure and construct Angles with a Protractor 

Theory—If the reading of one straight line on the semi-circu— 
lar scale of а protractor ba z^ and of other straight line be y^, then 
the angle batween the lines is a~y°, provided that the apex of Ње: 
angle b3 made coincident with the contre of the semi-circular scale. 

Apparatus—A protractor, a motre scale and drawing requisites.. 

[A description of а protractor is to be given hers and a sketch: 
of it is to ba drawn on the blank page.] 

Experimental Procsdure—Draw two straight lines with а 
metre scale at any arbitrary angle on the drawing paper with fine 
Pencil point. Place the protractor with its centre coincident with 
the apex of the angle. Read the ends of the lines emerging out of? 
the curved edge in degrees avoiding parallax and applying eye-estima-- 
tion. Take at least three pairs of readings for each angle at different: 
parts of the scale. The difference of resdings of each pair of straight. 
lines gives the angle between the lines. Finally, calculate the mean: 
value of angles, which gives the required angle between the straight - 
lines. Tho oye-estimation of a fraction of в degree may be made 
more conveniently with a reading (magnifying) glass. 

In order to construct & given angle, place the protractor flat on the 
drawing papor and draw line along the straight edge. Put a pencil dot at 
tho cantre O a3 accurately as possible. Observe the circular edg3 and mark 
ano;her pencil dot against the reading of the scale giving the angle to 
bə construsted. Then remove the protractor and join the two dots by 
a straight line with a metre scale. The angle is thus constructed. 
The accuracy with which an angle may be constructed depends 
upon the type of the protractor supplied and the accuracy with. 


which the pencil dot may be put. 


Results— 
eee __., 
а | Inner scale | © Outer scale | © 
38 8% $8 
Angle .8 БЕ H E Mean | 
beiwoen | SË |EndotEndo!| 5 5 Endof/Endol) 5 = j 
As one | other] S " | one |other| = Li i 
5 | ine | line | ^ | line | line | 9 3 
deg. | deg. deg. | deg. | deg. | deg. deg. Р 
f, Jj 
Ist pair | 1 o | 395|395 | о 394 |s94 b 
of lines 2 go | 594|394 | 15 |645 |395 | 395 f 
3 то | 1095|395 | 40 | 795 | 895 А 
d vai 1 50 |1255| 155 0 |753 | 763 
Gnd pair | a | To 1454 754 | 10 |855 755 T5 
VE e 3 | во |1554| 755 | 985|10£ | T55 | 
@т O | 123 | 123 0 |123 | 198 
8rd pair 2 15 |138 | 193 | 16 | 1392| 128'2) 123 
of lines 3 $0 | 1532, 1232) 30 153 | 128 
ee ee THES e et Ee ET 
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Discussions—The eye-estimation may be applied with a pro- 
tractor correct to about 0°2°. Assuming that the maximum variation 
from the correct value might be + 0°2°, the percentage of error in 
reading 395° is 05%, 75/4? is 05% and 193'2? is 09%. Thus it is 
found that the larger is the angle, 
the less is the percentage of error in 
measuring it.  Peralax should be 
&voided as much as possible. Since 
в semi-circular piece remains temi- 
circular even when its temperature 
varies, there is no error in reading 
degrees with a protractor due to 
temperature variation. 

Angular Vernier 

Where a greater accuracy in 
measuring an angle is required, an 
angular vernier is used in conjunc- 
tion with а circular scale. The 
apparatus to show the model! of a 
circular vernier consists of an 
wooden piece OO bent into the form of an arc with centre B (Fig. 
32). It is graduated in degrees or in half degrees. Just along the 
side of the main scale, another wooden piece A rotates atout the 
common centre. This piece is also graduated in such a way that 
a certain number n—1 divisions of the main scale coincide with л 
divisions of the vernier scale (generally 29 divisions coinciding with 
30 vernier divisions or 59 with 60). 

The least count of the vernier is the difference of one scale 
division and опе vernier division. Since n—1 scale divisions » 
vernier divisions—, 


A 5 
30 15 10. 
ЖИТ 


o 
0 
Е fimm 
$ 


ШИА 
20 10 


Fig. 32— Angular Vernier 


1.9, д, d. 
т 


els d.—1 9. d 1-^-12l part of the value of scale 
n n 


division vernier constant. 


In the particular apparatus (Fig. 39), it is to be ncticed that 
1 scale division 2 0 5°; alco 50 v, d.—99 s. d. 


1 n " 0*5 1° 
.. Vernier constant = —a4 = = + -]' 
an 30 cale div, 30 60 1. 


If now, to read a particular angle, the vernier i 

4 а j i zero is found to 
lie between 9 and 95° and the vernier 13th line to coincide with 
a main graduation, the main scale reads 9° and the fractional part 
is obtained by the product of the least count and the number of 
vernier divisions Фе, 1'X18—13', Therefore, the total reading 
is 9°13’, Angular vernier capable of reading upto 10” are fitted 
with spectroscopes, sextants and accurate direction finders. 
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риш level 
he spirit level consists of а sealed glass tube filled ' 
completely with alcohol except for & small pd within M Ona 
an air bubble. The tube is slight- 
ly curved with its convex side up- 
wards and is enclosed within a 
brass casing with a flat base and 
having an opening at the top (Fig. 
33) The casing is so construct- 
ed that if it is placed on a truly 
horizontal s1rface, the air bubble 
is below a cantral line P. A spirit ' Y. 
level is used to test whether a Fig, 38—Bpirit level 
surface is horizontal and also to make a plane surface horizontal ‘if 
there are proper arrangements to level it. 
Suppose that the triangular base A of fig. 33 is to be made! 
horizontal with the help of three base screws. To do this, the spirit ' 
level is placed with its axis parallel to the line joining amy iwo 
aso screws and the air bubble of the spirit level is brought to the 
Centre by working any one or bath the screws. Then the spirit level ! 
is placed at right angle to its original position and^ 
again the bubble is brought to the centre by 
turning only the third base screw. Thus, the two 
rectangular straight lines on the plane base being 
horizontal the plane itself becomes horizontal. <= | 


spirit level called 


. Fig. 34 There is another tyre of 
circular level (Fig. 34) which consists of a 
Small cylindrical metal box having & convex 
Blass cover at tke top. The box is almost 
completely filled with alcohol except for 
& bubble of air, which floats above and lies 
in contact with glass. The box is provided 
With a plane base and is designed in such a 
Way that when it is placed on а horizontal 
Surface, the bubble is at the centre of the 
Cover, The use of such a level is similar to 
that of an ordinary spirit level. 


Plumb line 


A plumb line consists of & conical piece 
of metal bob B suspended by а thread from 
a support О (Fig. 35) There is another 
Conical piece C beneath the bob fixed to the 
Support. The base A is provided with level 
ing screws IL, The poict of support of the 
String is so selected that whea the tpright 
is truly vertical, the apex of the cone В is 
Just above that of C. Fig. 35—Plumb 
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A plumb line is used to examine the verticality of a line or a 
plans and is always used by masons in the construction of walls. 


There is another form of plumb line in which the suspended 
-string carrying the bob passes through a ring fixed to the support. 
When the upright is made vertical the string passes through the 


«centre of the ring. Balances for the measurement of mass are 
mostly provided with plumb lines. 


Units of Mass—The unit o} mass on the C. G. S. system is a 
kilogramme and is defined to be the mass of a certain lump of 
Platinum preserved at A-chives de Paris. It is also practically 


the mass of a liire of pure water at 4"0. The submuliplos of a 
4Silogramme are the following :— 


1 kilogramme (kg.)=1000 grammes (gm.) 
1 gramms=10 deci-grammes (dg.) 
І deci-gramme- 10 c.nti-grammes (cg.) 
1 centi-gramme=10 mi li-grammes (mg.) 


The unit of mass on tbe British system is called the pound 
avoirdupois and is defined to be the mass of a certain lump of 
platinum preserved at the Office of Exchequer, London. The 
multiples and submultiples of a Pound are, 

1 Ton=20 Hundred Weights (cwt.) 

1 Handred woight—112 Pounds (lb.) 
Pound=16 Ounces (cz) 
1 Ounce=16 Drams (dr.) 
1 Pound Ауоігіпроіз= 7000 Grains. 
1 Pound Troy (Jeweller's or Apothecaries' Weight)=5760 grains. 
The relation tetween the two systems of units is given below— 
1 gramme- 15'432 grains 
1 pocnd- 45356 grammes. 

Spring Balance—It consists of a spiral of steel 
enclosed in в metallic case (Fig. 36) The upper end 
of the spring is rigidly fixed to a ring at the top of 
the case and its lower end is attached to a straight 
metal rod (within the casing) carrying a hook at the 
bottom. The instrument is provided with a plate 
at the front with а long narrow slit which is 
graduated on either side in pounds or kilogrammes. A 
pointer attached to the rod projects out of the slit 
and rests against the scalo and is so designed that 


when there is no load attached to the hook the 
Pointer reads zero of the soslo. 


When using a spring balance, it should be 
suspended by its ring from a rigid support in а 
vertical position, The mass to be measured is 
suspended from the hook. The weight of the mass 
pulls down the hook and its attached rod downwards 
ә with а force proportional to the mass and this force 

Fig. 36 stretches the spring which is thereby extended. The 
pointer is co1sequently shifted downwards to somo other part of the 
«аваз indicating the mass suspended in pounds or kilogrammes. 


ertt 
355 


2258. 


ae 
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In order to calibrate the scale of the spring balance different known 
standard masses are suspended from the hook and the positions of 
the hook are marked on the edge of the slit with corresponding 
numbers. The intervening space between any two marks are divided 
into a suitable number of equal divisions. 

Spring balances provided with different grades of springs are 
used for various ranges of weights; the one having a thick steel 
spring is used for big loads and the other having a brass spring can 
moasure а fraction of an ounce. Spring balances of various ranges 
giving scale readings from 1 1b. to 400 lbs. are available in the 
market, 


Common Balance—It consists of a horizontal metal frame work 
B (Fig. 37) capable of turning 
freely with very little friction 
about an agate knife e?go at its 
centre, called the fulcrnm. Тһе 
beam is usually graduated at 
ona or both the arms into 50 or 
100 equal divisions. The agate 
knife edge rests on а small 
horizontal plata of steel at the 
top of the vertical pillar within 
the motal casing V. The ends 
of the. beam carry two stirrups 
Or pan-supporters E, E. being 
supported on two other knife 
edges, Two identical adjustable Pig ST МОВ 


nuts or screw-riders О, О, work B 
at the extremities of the beam on gcrew-cut extensions. 


, are suspended from the stirrups. One end 
Two scale pans R, E of a long metsl pointer P is 


attached to the middle of the 
beam and its lower end is in 
front of а graduated scale A. 
When the beam swings, the end 
of the pointer oscillates 6с-апӣ-іто 
over the scale А, Waen the 
balance is not used, the pillar 
supporting the beam is lowered 
by turning a handle S at the base, 
such that it rests on a rigid 
frame W. The sharpness of the 
agate of the beam is thereby 
preserved. A plumb line із 
suspended from this frame and 
is used to make the pillar 

Fug, 88 vertical with the help of base 
Sorawsa..A few balances are provided with spirit levels on their bases 
instead of plamb lines. The instrument is always kept in a glass 
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case to prevent it from being disturbed by wind when weighing is 
carried out and also fron being contaminated with acid fumes 
and moisture. The balance, preserved as usual in a glass case is 
shown in Fig. 38. A horizontal rod, just aboye right arm of the 
beam, can be elided in or out and is 
used to adjust a rider weight on the 
beam whenever necessary. 


Standard weights from 100 gm to 
10 mg. are supplied in an wooden box 
called weight bow (Fig. 89). The heavier 
weights are made of brass and the lighter 
ones of aluminium. A pair of torgs or 
forceps to remove the weights is also 
supplied at one side of the box. 


Fig. 39—Weight Box 


Principle of Weighing—The team B of the balance serves a3 & 
lever of Class 1, in whicb the central agate knife edge is the fulcrum 
about which the lever rod can rotate. Tho two other terminal knife 
edges, carrying the stirrups EH, form the regions of the lever where 
the ‘effort’ and the ‘resistance’ work. In every balance, meant for 
weighing, the central knife edge is exactly at the middle region of 
the length betweeu the terminal knife edges во that the fulcrum is 
at the middle point of the lever. 

Moreover the beam has a certain mass and ro it has a fired 
centre of gravity ; but when adjustable screws CC, the stirrups and 
the scale pans RR are mounted on the beam, the position of com- 
bined centre of gravity changes. The essential condition to be 
satisfied by a balance is such that the combined С. G. of the balance 
beam and its requisites must be a little vertically below the central 
agate, so that when the beam ls raised up, it might oscillate a few 
times before coming to rest in в horizontal position. More about it 
would be discussed in the article on Sensitivity of a Balance 
(vide Appendix), 


Let the lergth of each half of the effective balance beam be J. 
Let a body cf mass m be placed on the left pan and some standard 
weights’ cf combined mass m’ be placed оп the right рар, so that 
when the beam is raised, it still remains horizontal, The weight mg 
of the mass is resistance and the weigkt m’g is the effort. For 
equilibrium of the system, the turning moments must be equal and 
opposite. Hence mg xl=m'gxl or m-m. 

Conditions to be satisfied by a Balance—A good balance must bava to satisty 
the following conditions, It must be (i) tru, (ii) sensitive and (iii) sfable. 

In order that a balance may be true, the beam when raised up remains hori- 
zontal when the pansare empty or loaded with equal masses. This condition 
requires that the two arms of beam with respect to the fulerum must ke of equal 
length and the centro of gravity of the beam must have to раев through the agate 
knife-edge. Further the Scale pans mus‘ be of equal masses. Under the condition 
the moment of the weight of each soale pan with respect to the point of support 
is equal to one another. 

In order that a balance may be sensitive, a small difference in the masses of 
the bodies placed on the pans would appreciably make the beam inolined from 
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its position of horizontality. This requires that the beam should be light and the 
arms should be long. Further the centre of gravity of the beam should be wry 
near the fulcrum, 


In order that a balance may bs stable, the beam when disturbed becomes 
horizontal after a few oscillations. The stability increases more and more as the 
centre of gravity of the beam with components is pushed below the fulcrum. 
This condition is opposed to one of the conditions of sensitiveness and a com- 
Promise is sought between the two. 


Preliminary Observations and Adjustments 


The following procedure should be always followed bofore using 
& balance,— 


(a) Open the glass ciso and examine the plumb line. If it 

Correctly hangs, the pillar is vertical. If not, adjust the levelling. 
screws properly to bring the plumb line into the correct position. 
A (b) Then observe whether the various parts of the balance are 
in thoir proper positions, i.e. whether the stirrups are on,their 
knife-edgos, scale pans are suspended from the stirrups eto, If not 
the parts should be properly placed. 

(c) If found dusty, cleanse the scale pans thoroughly with a 
sof; brush. 


(d) Gently turn the lever at the bate to raise the beam with 
out any jork when the pointer is found to oscillate slowly over the 
scale, The extent of oscillations of the pointer should be nearly 
equal on both sides of the central mark. 


Tf unequal oscillations are noticed, it indicates that the turnirg 
moments of the two halves of the beam about the central knife-edge 
are not exactly equal. To correct it, lower the beam and screw in 
the nut slightly on the side of the arm _baving greater depression. 

gain raise the beam and observe the oscillations of the pointer and 
if still found unequal, work the nuts properly. In this way the 
Oscillations of the pointer over the scale should be made equal by 
repeating this procedure taking care to lewer ihe beam every time 
before using the nut rider. When this is dono the balance is reađy 


for use, 


Directions while Weighiv 
that must be observed while 
&lanee,— 

(a) Put the body on the left pan ard place any suitable standard 
‘weight’ on the right pan. 

(b) Any standard ‘weight’ should be transferred to the pan by 
forceps only and not by frgers. Weights should not be placed any~ 


Where except the pan or the box. 
(c) By repeated trials ‘weights’ should be placed to counte:poire 
the body always commencing from the highest possible weights арб 


g—The following are the directions 
weighing a body in an adjusted. 


'Éradually going down to lower ‘weights’, 
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(d) To check the equilibrium of the balance beam while such 
preliminary trials sre made. the beam should not be fully raised by 
the key as otherwise there should ba unnecessary jerk and knife 
edges might be injured. 


(в) When equilibrium is nearly obtained. the beam should be 
fully raised and the oscillatlons of the pointer are observed. While 
making final adjustments with small weights, every time the beam 
should be lowered before adding or taking away such weights. 


Methods of Weighing 


Different methods are adopted to secure accurate weighing under 
different circumstances. These are (i) Method of oscillations (ii) 
Using a rider (vide Appendix). 

Methods of Oscillations—If the balance is correctly adjusted, 
the pointer oscillates nearly equally on either side of the central 
mark with empty pans when the beam is raised. The body to be 
weighed is placed on the left pan and suitable weights are placed 
by trial on the right pan, till on making the beam free, the pointer 
oscillates almost equally on either side, The restirg points of the 
pointer with empty pans and with loaded pans are computed from 
the extents of oscillations of the pointer and thence the mass of the 
body is calculated (vide pp, 60-61). 


Comparison of a Spring Balance with an Ordinary Balance 

It should be borne in mind that common balance compares the mass of a 
body with the mass of standard weights, while a spring balance records the amount 
of pull of the gravity on any mass. As the acceleration due to gravity changes 
from place to place on the surface of the earth, a spring balance, if made very 
sonsitive, may exhibit the variation in the weight ofa body. The calibration of 
the scale of a spring balance at a particular place may nct tally with that made at 
soma other place. But іп а common balance the weight of the mass and that of the 
weights are equally affected by a change of locality and the position of equilibrium 
does not change. Hence with a common balanco the standardisation of the weights 
remains invariable, 
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To Weigh a ‘Body in a Physical Balance 


Theory—It the oscillatfons of the pointer of а balance be nearly 
equal on either side of the central mark with empty pans and if the 
oscillations be nearly equal when а body is placed on one pan and & 


total load w on the other, then the mass of the body is equal to 
the mass of the total loads placed. 


Apparatus—A physical balance, в small piece of marble and в 
weight box. 


Я PT e of а balanoe and a weight box is necessary here; vide 

Procedure — Befors attempting to weigh a body with the balance 
supplied, see that the plumb line points exactly against tho lower 
pointer. If nob, adjust the levelling screws at the base of the 
halance to bring the plumb line upon the pointer, When this 


е € 
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is done, the pillar of the balance has been made vertioal. Turn the 
key at the base, tha raise the beam and observe oscillations of the 
pointer. If oscillations are unequal, sei the position of the adjustable 
nuts over the scale. [See preliminary directions on p. 56]. The 
balance is now ready for use. 

Then placa the body to be weighed, say a piece of marble on the 
left pan and take out from the weight-box with the help of forceps 
a beass weight, likely to counterpoise the body, and place it on the 
right pan. Ruiso the beam slightly and observe the deflection of the 
Pointer. If the beam of the balance is found to be permanently 
depressed on the side of the body, then the body is much heavier 
than the weights placed. In this case add additional weights in their 
descending order on the right pan, care being taken to lower the 
beam each time a weight is added. But if the case is reverse, try 
with a lesser weigat by removicg the former weight. _ 

Finally placa а set of weights on the right pan by trial such that 
the pointer oscillates equally on both the sides. Then, the total load 
on the right pan is equal to the mass of the body. Take three such 
Sets of readings and calculate their mean value which represents the 


Mean mass of fhe body. 


Results — 
оа ЗАЎ а 


Inference 

S TES on То) Deflection about the 

tte oh the magnitude 

r 
гав Right Pan | R. Рап poA ot welghts 
gm. gm. 

20 20 to the right too small 

a 30 to the left too great 

а atta 25 to tho right too small 

Е 20+5+2 27 to tho right too small 

Е 904-5--24-1 98 to the left too great 

ч 20+5+2+0'5 975 to the right too small 

© 37--0:5--0'2 277 to the left too great 

5 97+05+01 27'6 to the left too ‘great 

Ë |27+05+005 2755 | to the right too small 
4 jars+o0s+o02 | 2757. | to the tot. Won 
{ у A 27°56 equal oscillations ual to tha 

97:5-- 0054-001 of the body 


Д 
Hence the mass of the body 727/56 gm. 
Disbnssluns-- The various parts of tte bslance should be checked 


and examined before use. Jf any part is found dis, laced, it should 
be placed properly and the balance should be made as free ав 
Possible. The rider nuts should be so adjusted that with empty 
Pans the pointer oscillates equally on both the sides of the zero on 
the scale. Tho weights should also be held with forceps and should 
not ba placed anywhere ехсер& within the weight box or on the pan 

If the balance is found to be appreciably sensitive with 0°01 gm., 
the probable error in measuring & mass of 2756 gm. might be +001 
аш, Therefore, the percentage of error is 004%. 7 
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Determination of Resting point of an Oscillating pointer.— 


If the balance is very sensitive, it may not be possible exactly to- 


counterpoise the body with suitable weights in the weight-box. With 
some weights, say m gm., on the right pan and the body on the 
left, it may be found that the body is just heavier, Then, on adding 
the smallest possible weight available in the weight-box, say 10 mg.. 
it may be found that the body is just lighter. It is evident then that 
the mass of the body is between m gm. and m gm.-10 mg. Deter- 
mination of the mass of the body, under this circumstance, can be 
made from calculation of the shift of the resting points of the pointer 
or by using a rider. We shall no 7 consider the method of oscillations. 

At first adjust the screw nuts of the balance so that with empty 
pans the pointer oscillates almost equally on both rides of the central 
mark Observe the successive turning points of the pointer over the 
scale; it would be found that that the extent of swing of the pointer 
gradually dies away.* 


Suppose that the scale is graduated from 0 to 40 in equal divi- 
sions such that 20th graduation corresronds to its middle point. (Fig. 
40) In course of oscillations, note te turning point of the ; cinter on 
the scale, when it comes once to the left Then follow the end of 
the pointer till it goes ta the extreme right and just аз it stops to 
turn back, read the scale. Read again the scale when the pointer 
comes to extreme left. In this way record altogether 3 or 5 conse- 
cutive turning points, either two the left and one to the right or 
three to the left and ішо to the right. Then find the mean of the left 
end readings and that of the right end readings. Finally, calculate 
the mean of these two mean readings which represents the resting 
point, Let it be P. ‘ 


For example, suppose that when the pans are empty and the balance 

Н i is free, tha successive swings of the pointer 
are shown as in fig. 40 (top) Тһе successive 
readings are 7, 31°5, 9°5, 29, 19. Of these 
the left end readings are 7, 9 5 and 19 ; their 
mean value is 9'5. The right end readings 
are 31°6 and 29 having a mean value of 
90 25. Therefore, the resting point for empty 
pans is the mean of 95 ard 80°25 which is 
199. Find two to three sets of readings for 
empty pans and calculate the resting point 
from each set of readings. The mean of 
8 the true resting point. 


Fig. 40 
these readings represent 


* This happens b:cause there is always some friction at different parts of the 
balance as it swings; secondly, because air oxeris some resistance to the motion 
of the parts of the balance particularly of the balance pans. Due to the diminu- 
tion of successive swings the pointer would ultimately come to a dead stop at 
some part of the scale, which is called the restirg point of the poirt:r. Bat as 
this is & qvestion of time, the worker has got to wait till the pointer comes to 
rest. There is, however, a method of determining the resting point of an otoi- 
llating pointer by observing its successive turning points. 
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Then place the body and the weights as usual cn the pans so 
аз to ba nearly counterpoisej. 16 is desirable to place weights of 
slightly smaller mass than that of the body, such that the pointer 
oscillates to & graater extent on the right half of the scale. Take a 
similar set of readings for the turning points and find the mean. 
Let it be Q. 

Next, add the lowest available weight of the weight-box (genc- 
rally 10 mg.) to the weights already placed on the pan and take a 
Similar set of readings for the new resting point, which will now 
shift to the left of Q. Let it be R. Finally, make the calculation 
of the fractional mass in the following way: 

The pointer shifts through (Q—R) divisions for adding of ‘01 gm. 


'. the pointer shifts unit division for addding гаш gm. 
it shifts (Q—P) for addition of .01 =. e 


Thus the mass of tho body is (m+o12=2) 


Reduction of Weighiags to Vacuo 

Since we ordinarily weigh everything in air, it loses a part of 
its weight, by Archimedes’ principle, equal to the weight of dis- 
Placed air. The true weight of a body is its weight in vacuum. 
When we weigh & body in air, the apparent weight of the body 
is equal to the apparent weight of the ‘weights’ placed on the balance 
Pan. Let the apparent weight of the body = М gm., true weight 
=M,» gm., the density of the body=§ and density of air at the 
Observed temperature and pressure—c. Then, by Archimedes prin- 


ciple the mass of displaced sir Ме Therefore, M, - Te — appa- 
rent mass of the body apparent mass of the weight =M- Че 


where D=density of the material of the weights. 


l9 
К Mo=M+Mz (4 - E 
Date— EXPERIMENT 10 


To weigh a Body by the Method of Oscillations 
and to apply Buoyancy Correction 


Theory—If, with empty pans, the resting point of the pointer 
of the balance be P, end with а body on one pan and a load m gm., 
on the other pan, the resting point be Q and with the body on the 
Same pan and а load (m+w) gm., on the other, the resting point be 
В, then the apparent mass of the body in air is equal to 


(+02) gm. = М gm. say, 
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Then if М, represents the mass of the body in vacuo, them 


M, =M+Mo. ( +- 1) where 8<density of the body, D= 
density of the weights and o=density cf the air at the observed 
temperature and pressure. 

Apparatus – А physical balance, а weight-box and & small piece 
of glass- 

[A description of a balance is to be given here, vide p. 55] 

Procedure For procedure vide p. 58. 


Resulis— 
EE ee ree ee 
2 
з T Readings of Mean t0, 
58 Load ор Pans the pointer Readings Mean ER: 
as SA 
4 ete Right | Leis | Rebs | Left | Right | a 
1 0 0 70 315 95 30 25 19'9 
95 29'0 
120 
19°7 
2 0 0 110 275 19:5 26'5 195 = 
12°5 25°5 
140 
8 A 1157 160 85.0 17:38 8495 25:8 
piece gm. 175 835 
о: 18°5 , 
glass 95°85 
4 190 32:5 198 820 25:9 =Q 
50:0 315 
90:5 
5 Same 117 70 24'0 85 23:0 15'8 
piece gm. 8'0 22'0 
of 4 10 15:85 
6 glass |O'Olgm.| 105 =R 
=1158 11'5 210 115 20°25 159 
gm. 19:5 19:5 


MEME ——=_ E PV menn m ——— 


(6) Calculations for Mass of the Glass piece. 
The shift is (25°85-15 85)=10 divisions for addition of ‘01 gm. 


m ... 1 division M. ái *001 gm. 
ое E .. (25°85-19°7) =0`15 sae "0061 gm. 
Therefore, the mass of the piece of glass=(11°57+0°0061) gm. 

=11'5761 gm. 


Vacuum Corre:tion—Density of glass = 2'52 gm /c.c. 8. 
Density of brass weights—8'8 gm./c.c.— D. Density of air ab the 
observed temperature 26°C and pressure 75 8 em. of mercury 
=0'00128 gm [c c. — c. 
Then substituting in the equation, 
Mo — 115161 4-116731 x 00198 par 2) 
252 832 
= 115797 gm. 
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Diseuss'ons—The eye-estimation in reading the turning points 
of the pointer over the scale may be taken correct to half a division. 
This ensures a measurement of the shift correct to the first decimal 
place. Further a shift correct to one place of decimal measures 
a difference of mass upto the 4th pluce of decimals, the mass of a 
body can be taken correct to the 4th place of decimals by the method 
of oscillations. 

The accuracy with which the mass of a bedy can be measured 
depends to a great extens upon the sensitivity of the balance, A 
shift of 10 divisions for addition of '01 gm. speaks of & good sensi- 
tiveness. 

Determination of resting point might possibly have an error of 
=} а division. This is equivalent to an error of ='0005 gm. 
Hence percentage of error is 

*0005 x 100 _. 
11'5761 DUDS 
ORAL QUESTIONS 


Define resting роїт of a pointer. What are advantages of taking resting point? 
Why is it that the successive oscillations of the pointer gradually decrease? 
What is the accuracy with which а mass can be measured when the lowest ayailable 
weight in the weight-box 15 5 mg. and the shift for this weight is 6 divisions, What 
is vacuum correction? Does а body weigh more inair orin vacuum ? Why ? 
Why should tho arms of a balance be of equal length ? Explain why sensitive balances 
have slower oscillations. 

Units of Area—This unit is derived from the unit of length, 
The unit of area on the F. P. S. system is a square fcot and that 
on the C. G. S. system is a square centimetre. 


Measurement of Area А 

Geometrical Method— Areas of regular geometrical figures can be 
calculated from the following formulae. 

Area of a square = (each side)? 

Rectangle length X breadth 
Paralielogram = base X altitude 
Triangle = 5 х base x altitude 
Trapizium=sum of parallel sides X altitude 
Gircle=7 x (radius)? 
an Ellipse = 7 X semi-major axis X semi-miror axis 
Surface of а Sphere— 47 X (radius)? 
„ » Oylinder-27 X radius X length 

Other closed figures bounded by straight lines on all sides can 
be s:itably subdivided into a number of triangles. The total area 
of the triangles, thus formed, gives the area of the figure under in- 
vestigation, 

For example, the area of a rectangular surface, whore bare ig 
found to be 70°52cm. and altitude 50:81 ст. ів *10'52xt0'81- 
3547'85 sq. cm. The area of a circular surface of radius 13°92 cm, 
is mx 13°622=3°14 x 13 62° = 58247 вд. cm. The area of а ephere of 
the same radius is 47 X (13°62)? = 2399'88 sq. cm. 


64 INTERMEDIATE PRAOTICAL PHYSICS 


Weighing Method— The area of a plane figure of any shape may 
be found by the lollowing method. The figure is placed cn a thin 
metal sheet of uniform thickness ard its outline is drawn with a fine 
pancil. 16 is then cut out and weighed ina balance. Lot 16 mass 
be W gms. From the same sheet, a rectangular piece is taken ouù 
and its surface area is measured. Let it be s sq. ош. It is then 
weighed in a balance, Let it be w gms, Then if the required area 
be S sq. cm, then, 

sa у wW 
Em бур,„ 0928 Bd. Om 
s w w 

Alternatively, if the density of the metal sheet is Р gm/c.c, and 
thickness of the sheet is z cm., the area of the figure is S sq. cm. 
and the mass of the figure W gm, 


Then, Әхр= W or, =F sq. cm. 
p 


These methods are поб very accurate, because the cutting out of 
the figure from the lamina entails some error regarding the exact- 
ness of shape ; moreover the metal sheet might lack in the uniformity 
of thickness. 


Date— EXPERIMENT 11 


To find the Area of an Ellips» by Weighing Method 


Theory—lIf W be the mass of an area S drawn upon a uniform 
laminar sheet and if w be the mass of a known area s drawn upon 
fhe same sheet, then 


5-2, in whatever units they are expressed. 


Apparatus—An elliptical metallic sheet, в rectangular sheet of 
the same metal and of same thickness, & vernier callipers, a balance 
and a weight-box. 

Method—Weigh the elliptical metal pieco ina balance accurate 
upto а centigram, Take three such weights and find the mean value. 
Then weigh the rectangular metal piece and find its mass also in а 
similar way, by taking three separate readings. P 

Now, take the rectangular piece and measure its length with в 
vernier callipers at three different regions. The mean value gives 
the length. In a similar way measura its breadth. Then from the 
formula, calculate the area of the ellipse, 

Results—. 


NTS of Mass of Mean | Mass of 
readings ellipse = W mass rectangle = w 
gm. gm. gm. 


11566 11:23 
115:66 115°66 11:94 
11566 11:94 
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Oallipers: main scale graduated in millimetres 


10 vernier divisions—9 main scale divisions 
Least соопё= 0`1 mm.=0'01 em. 


Length of Rectangle=/ | Breadth of, Rectangle=b 


No, of Total Total 
readings M--Vs Mean Ms- Vs Mean 


em. cm, ст, cm. 


351 2°00 
8'51 N 2'01 
850 201 


Hence area of ellipse = 10°29 x 7056 = 72/69 sq. сш. 


Verification by Geometrical Method 


Take a vernier callipers and find its least count as vell as the ins- 
trumental error, if апу, Open the jaws of the callipers widely and 
place the elliptical figure with its major axis in contact with the 
jaws. Take the reading of the callipers. Take three such readings. 
Now place the minor axis of the ellipse in contact with the jaws and 
in a similar way take three such readings in a tabulated form. 
Finally considering the zero error, get the mean values of the msjor 
and minor axes. 

The mean value of the major axis considering zero error = 12°14 cm. 
The mean value of the minor axis considering zero error= 7'62 om. 
Hence, applying the geometrical method, the area of the given 

а 19°14. 7°62 $ 
ellipse is found to be 7X ^5 X =g" sq. ош. = 72°61 sq. cm. 

Discussion—It is very difficult to make a very olear-out gec- 
metrical figure out of a metal sheet unless it is specially made, 
There might be some error in measuring the major and minor 
diameters of an ellipse. The difference in area determinations by 
the two methods has actually been 0.02 sq. ош, in an area of 79'6 
sq. cm. Hence percentage of error is 0.03%, 


Graphical Method—The figure is drawn on a graph paper on 
a suitable scale. The total number of small squares included within 
its boundary is counted. The number of squares cut by the boun- 
dary line is counted by an approximation on the basis that if less 
then half the area of а square 18 within the boundary, it may be 
omitted whereas if more then half the area lies within the boundary, 
t ig taken as one. If т be the total number of squares within the 
aroa and if s be the area of в small square on the same scale ag 
that of the figure, then the total area S of the figure is given by S=n s, 
This method of area measurement is also not very accurate particularly 


if the boundary line enclosing the area be irregular. 


P. P/5 
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Date— EXPERIMENT 12 


To Determine the Area of a Circle by Graphical Method 


Тһеогу— any closed curve is drawn on а graph paper on & 
suitable scale, then the area erclosed by the curve is equal to the 
preduct of the area of a small square of the graph paper and total 
number of elementary squares included within the figure. 


Apparatus—A graph paper, drawing board, a few fixing pins, 
drawing pencil and & compass. 


Method—Fix а piece of graph paper оп а drawing board by 
pins. Choose a suitable origin О at the central part of the graph 
" paper and draw two co- 
-EH ordinate axes. With O 
r HHH FE as centre and with any 
radius draw а circle 
XYX,Y, with a com- 
pass (Fig. 45), Mea- 
sure the radius of the 
circle with a divider 
and metre scale, Thus, 
four quadrents of the 
circle are obtained, viz, 
YOX, YOX;, X,OY; 
and Y,OX. Count the 
number of small squ- 
ares in each quadrant 
separately, If the curve 
happens to pass thro- 
ugh а small square 
such that the greater 
half is within the circle, 
Fig. 41—Graphical Mensuri count it as one whole. 
the major m of a Аена тб Me it. Finally edd the 
Бари таа in all the four quadrants to get the total 


5 Find the area of Ў 
it by the total number of squares, Xd«c асе а eee 


Results— 


Measurement of Radius of the Circle. 


No. of Left side Right side " 
ЕРА Teadings readings Difference Маши dd 
din _ em, em, Bd. om. 
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Üounting of Squares. 


No. of p | No. of Area of 


Total 


No. £f 0, O; 
latino complete fractional] 808108 | No. of each 


Quadrant воб 


squares 


square 


squares 
sq. om. 


quadrant | Sd"ares 


XOY 190 m 301 
XOX 190 1 201 | 
Y,OX, 191 m 202 805 | 001 
YioX 190 m 201 


Discussions—The oslculated value of the area is 804 sq. cm. 
while the graphical value is 805 sq. om. The error ia 8'05—8 04 
= 01 sq. со, in a mean value of 8'05 ва. om. The percentage of error is 
therefore ‘025%. The principal source of error is the method of approxi- 
mation adopted in counting the number of squares. The larger i8 
the radius of the oirole oa the graph paper, the more accurate is the 
method of integral count, Another source of error is due to the 
Ordinary graph paper on which lines are пой accurately equidistant 
and hence all squares on i$ are пой equal in area. 

A student might be tempted to find the total number of equares contained in 
a clrole by counting the number In one quadrant oniy and then multiplying it by 4. 
But then there is а chance of committing larger error in this process, Suppose that 

© percentage of error in counting squares in one quadrant is m%, then multi- 
Plying the number by 4 enteils а percentage of error of 4m%. Thus, a separate 
Count of cach quadrant ів advisable. 


Evaluation of mz— This experiment affords а means of calcu- 
lating the value of m which represents the ratio of ciroumference and 
diameter of a circle, 1% can be evaluated in the following way. It 
is known that, 

Area of a сігсіе=т х square of its radius. 


Area of the oirole „8-05 вд. ош. вуд 
(radius)* 9'56 sq. om. 


Thus, 7= 


The correct value of т upto 2 places of decimals is $14. The 
SOurces of error in evaluating this constant are also the same as in 


9 foregoing experiment. 
EXEROISES 


l. Draw two triangles on the same base and having an cqual altitude on a 
Staph Paper and hence SHOW that their areae ате (qual, 


2. Draw a map of India on the graph paper on a suitable scale and find its 


area in square kilometres. 
3. Given a circular lamina and a rectangular plece out out of the same shoot 


Of metal, find the area of the lamina. 


Units of Volume a M; 
Th I f substance is a measure o the space ocoupie 
by it. Tho AS of volume is derived from the unit of length 
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‘and is the volume of a cube, each side of which ig of unit length. 
This unit on the Metric system is one cubic 
centimetre (1 с.с ), which is the volume of a 
cube of each side having a length of 1 cm. 
The unit on the British system is a cubic foot 
(1 cu. ft,), The relation between the two units is 
as follows : 
1 foot=30'48 om, 
&. lou, ft. = (30'48)° с.с. = 283158 c.c, 
Again. 1 cu. ft, — 12? ca, in, =1728 cu in. 


SO Lov. іп. = 16738 c.c. 


The volume of а liquid on Ње О, G. S. system 
is generally measured in terms of a litre, which is usually taken to be 
equal to 10.0 cabic centimetres. Glass flasks of standard volumes 
have got their capacity indicated on their bodies. Two such flasks 
are shown in Fig. 42 having capacities of one litre and half a litre 
respectively. Since the volume of a vessel depends on its tempera- 
ture, the volume as indicated on a flask is standardised at a  parti- 
cular temperature which is also marked on it. 


In order to measure the fraction of a 
libre, special glass jars are constructed 
having graduatlons in cubic centimetres. 
Fig, 43(a) and (b) represent two ars, each 
of capacity 250 c.c. One of them is provided 
with a stopper and is used бо contain 
volatile liquids or such liquids as would 
react with atmospheric air. The graduations 
of the calo begin both ways, The volume 
of the liquid poured into the jar should 
be read with the scale beginning from the 
bottom, whereas the volume of the liquid 
taken out from the jar is to be referred в) — (5 () (0 
to the scale beginning from the top. Fig. 48 Fig. 44 
Fig. 44 (а) represents an ordinary flask for keeping a liquid. In 
addition to these, there are glass apparatus called burettes, graduated 
in 0'1 ое, for measurement of still smaller volumes [Fig. 44 (bY). 

The British unit of volume fo 
equal to the volume of 10 pounds a 
The relation between a 
equivalence :— 


Fig,41 Flasks 


г. liquids is в gallon, which ів 
Voir of distilled water ab 82°F, 
gallon and a litre is given by the following 


1 gallon —4'64 litres. 
Measurement of Volume 
Gesmetrical method—The volume of regular i 
may be calculated from their dimension as ee ает зада 
The volume of a cube=(each вїйө)® $ 
а r + parallelopiped = length x 


b H 
5 е s. sphore= $ x m x (radius)? readth X thickness 
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The volume of a cylinder =z X (radius) x length 


" н. » right circular сопе = 5 X 7 X height х 
(radius of base)* 


Displaesment of Liquid—The volume of solid body of any 
shape, may bs experimentally determined either directly or in- 
directly. 


Some liquid, in which the material of the body is insoluble, is 
taken, in a graduated jar as that of Fig. 45 and its volume is noted. 
Next the body whose volume isto be determined is tied with а 
pieco of thin string and is gradually lowered into the liquid until it 
is completely sunk. The surface of the liquid is found to rise to 
Some higher level which is again read. The difference of the two 
readings, which gives the volume of displaced liquid is equal to the 
Volume of the solid. If the body is lighter than the liquid, it is 
tied with another heavy body 
Such that the combination sinke 
Within the liquid. The rise of 
the liquid level within the 
Braduated jar gives the combined 
Volume of the body and the 
sinker. The volume of the sinker 
alone is then measured by the 
Same process. The difference of 

9 two readings is the volume 
of the body, 

There is another apparatus 
Working on the same principle. 
Tt consists of & tall jar having а 
Spout projecting downwards. 


lust on the point of overflowing Fig, 45 Fig. 46 
llect any liquid coming into it. 
f string and is slowly lowered 
to disturb its surface. The overflowing 
iquid ig received in the graduated jar and is measured. The 
Volume of the liquid in the jar is е 

Solid. The volume of & 80 
Principle ag ig explained in Chapter 
Dato— ExPERIMENT 13 

f a B.dy by the displacement of Water 
y is completely immersed in an insoluble 
leme of liquid. 

a graduated jar, a metallic 


To measure the Volume 0 
, Theory—Wnen a so'id bod 
liquid, it displaces its own VO М 

Apparatus—A liquid displacement јат, 
ball with a hook, some thread. 
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Procsdure—Pour water within the displacement jar until the 
liquid overflows a little through the spout. When trickling of water 
through the spout stops, placs a graduated jar beneath the spout, 
Tie the ball with a fine string by the hook and lower it very slowly 
into the displacement jar until it is completely immersed taking 
сате пой to splash water nor бо produce waves in it. Then read 
the volume of water running into the graduated jar with reference 
to the scale and the fractional pari by eye-estimation. The total 
volume is evidently the volume displaced by the ball. Again, fill 
the displacement jar with water and collect water by immersing 
the ball. In this way take three to five readings, 

To verify the resulta, measure the diameter of the ball with a 
vernier callipers and find its volume from the formula У=&хт 
(radius)*. 

Resrlts—Rve Di:nlaeement Jar. 


No. of Initial readings Final readings 
АДЕ Differ- 
ings | Seale Eye-esti- Scale |Rye-esti- ence 

E reading | mation Br teading | mation рої 


с.с. с.с. e.c. с.с. с.с. с.с. с.с. с.с. 


1 0 0 0 Б 0 b] 5'0 

2 5 0 5 101 0 101 |51 

3 101 0 101 15 '05 1505| 495 | 5'03 
4 15 05 15`05 201 0 201 | 505 

5 201 0 201 251 05 25°15 | 5°05 


Diameter of the Bail with callipers supplied, 
One main scale division=1'0 mm, 
10 divisions of vernier =9 divisions of main scale. 
+. Least count of the callipers=0'01 cm, 
Mean diemeber—2'1 cm. , .'. Mean radius=1'059 cm, 
Hence volume = fnr? = 4°39 c.c, 


Discussions—The jar in which collected water is measured is 


graduated in 0'] ec. with which the wi 
: olume can be me 
eee DURO A tenth of a oubic centimetre. Tho principal eme 
оце zor, in dis experiment is tho slight splashing of water when 
18 being immersed. The volume as indirectly measured by 


callipers is found to be 4'99 i i 
the percentage of error is is Кат A. шщ 


Е the i ; 
apparently the highest position my time when the sun attaing 


> A the sky, ib i i i 
maridian, Te interval of tima b Vus 5, 58d бо be in the 
^ pin stween the pasa 
асгояз tha moridian on any two Successive days т called the jo ap 


NR CIR IEEE RR 
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solar day. Is is found that the duration of the apparent solar day 
varies from day to day throughout a year. If the periods of all 
solar days in one year be added together and the sum be divided 
by the number of days, we obtain an interval of fime called the 
mean solar day. The unit of time on both the systems is one 
seoond which is 86,400sh part of a mean solar day. The multiples 
of a second are the following ; 


1 mean solar йау = 24 hours (hr.) 
i hour=60 minutes (min) 
1 minuts=60 seconds (seo.) 


Measurement of Time 

It is found that а pendulum* of a given length when oscillating 
freely through a small aro haa gob always а definite period of swing. 
This constancy of period has been utilised in pendulum clocks in 
regulating time. There is а steel spring within each clock which 
may be wound with a key. The 
Spring then gradually uncoils and 
slowly revolves a toothed wheel. 
The motion of this wheel is 
controlled by the oscillating pendu- 
lum through a number of levers and 
wheels, The hands of the clock 
which are connected with the axle of 
the main wheel consequently revolve 
continuously with time. The dial of 
the clock is divided into 60 equal 
circular divisions, each marking one 
minute, Thus, & full rotation of one 
hand measures an interval of one 
hour. Another hand is so designed 4 
и it moves through EBAY 5 Cent Fig. 47—Stop Clock 
uri is i val and so опе comp- 
[nisus лын this hand measures 19 hours or half a mean 
Solar day. 

There is another way of ment 
this is done by means of an oscilla 


7 top- 
generally found in wines d РАЛЬ of balance wheel and its other 


oud te тна UR dr es of the watch (Fig. 47). On slightly 
disturbing the wheel it continues oscillating to-and-fro with а 
definite em d. The periodicity of this wheel controls the revolution 

Lis ae d with hands of the watch. Fig. 47 


of i ] connecte! п dm sy 
ыа у capable of measuring seconds. The full dial is 


calibrated in seconds and the smaller one minutes. Taere is а 


uring equal intervals of time, and 
ting wheel called & balance wheel 
clocks. One end of a very thin 


i heavy metal bob suspended from a support by 
a dá pendium 21996 занае fixed та on the rod. When oscillating, 
RO. 7 
the friction at the support is very small. 
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key K which when pressed stops the motion of the balance wheel 
and the watch is instantly stopped. Hence it is called a s'op-watch. 


There is another type of stop-watch having its dial graduated 
in а fifth or а tenth of a second (Fig. 48). The nub at the top serves 
both as the key to wind the watch as well as to start or stop it. 
When it is pressed downwards the hand starts from 0 to 60 
clockwise. At a second press the hand stops and at a third press ib 
jumps back to O again, and is ready for another start. 


To measure an interval of time with a stop watch the key is 
Pressed just at the beginning of the interval when the second hard 
starts over 
the dial from 
Zero. The 
key is again 
pressed at 


; the end of 

d the interval 
ГЕЗ to stop the 
£^ watch. Тһе 
fu reading of 
t the hand 


marks the 
interval For 
every com- 
plete revolu- 
tion of the 
second hand, 
Fig. 48—Stop-watch "Fig. 49—Metronome the minute 


through one division. Therefore, mi hand moras 
reference to the smaller Au » minutes should be counted with 


NO 


small weight W can be slided over they еа а шааад 


аер whenever necessary. There 
sedond, hid ‘cr torn is upled with the pendulum ringing every 


х This i i ? 
cians to keep the timing and TA ds н used by musi- 


| ORAL QUESTIONS 
What is а mean solar day? 


| 


CHAPTER II 


EXPERIMENTS ON GENERAL PROPERTIES 
Force 


Tae term force is defined by Newton's laws of motion. The first law 
expresses the fact that a forca changes or tends to change the state 
of rest or motion of a material body. The second law states that 
the force is proportional to the product of the mass and the acce- 
leration produced on the boly. The third law states that the action 
Of @ force on a body is under all circumstances equal to its reaction 
by that body. The kind of forca may be any one of the nature of 
Pressure, tension, friction, attraction or repulsion etc. 

The absolute unit of force, derived from the second law, is that: 
force, which acting on a unit mass, produces a unit acceleration. 
In the F. P. S. system this unit is called a poundal and is equal to 
the forces, which acting on a mass of one pound produces an accele-- 
tation of one foot per second per second. In the O. G. S. system 
250 corresponding unib is a dyne and is equal to the force produc- 
ing an acceleration of 1 om. per sec. per Sec. Оп а mass of 1 gm. 

Ог a detailed explanation of Newton's laws, vide Basu „апі 
hastejoe's Intermediate Physics, Part I, Chap. HI] There is а 
ird and most recent system, known as Metre-Kilogram-Second 
8ystem (MKS) in which a unit force is defined to be that force 
Which acting on a mass of one kilogram produces on it an accelera- 
lon of one metre per second per second. This unit of force is 
called a newton. The force is a vector quantity. Я 

The Gravitational unit of force is equal to the weight of a unit. 
mass, In the F. P. S. system this unit is the weight of a pound 
and in the O. 9. S. system it is the weight of a gramme, x 

From Newton's second law we know that force = mass X acceleration.. 
Since МОК of a mass is equal to the force with which gine 
earth attracts it, the mass on being released from а height falls 
down with au acceleration of g om. or ft. per sec. Der sec. , Hence. 
if w=weight of a mass m. then, w=mĦ g, where g = acceleration due 
to gravity. The standard value of g in the F Р.В. unit is 322: 

Per зес,* and in the О. 9. S. unit it ie 981 cm. persec.. Thus 
11b weight=32'2 poundals 
1 gm. weight =981 dynes 


1 е 
2l, weight-0'081 Ib wt. 
Again, 1 poundal 323 


1 dyne-.l.gm. wi. 000102 gm. wi. 71 milligram nearly 
981 

1 newton=1 kg*1 metre/sec* = 10° dynes 

Forcss—If a particle is simultaneously acted 


corpoaltions ef e same straight line the resultant force: 


9n by two forces along th 
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is equal to the algebraic sum of the forces if they act in the same 
direction and if is equal to the difference of the forces if they act in 
Opposite directions. If the two forces act in directions inclined to 
each other, the resultant is given by the Parallelogram Law, which 
states the following :— 

lf two forces acting simultaneously at a point be represented in 
magnitudes and directions by the adjacent sides of a parallelogram 
drawn from the point, their resultant is represented in magnitude 


and direction by the diagonal of the parallelogram passing through 
that point (Fig. 50). 


To consider the equilibrium of a particle acted upon by three 
forces, there is another law called the Triangle of Forces, which 
я states that, if 
Ы eeren three forces 

C acting on & 
particle be re- 
presented in 


v magnitudes and 

diretions by the 

u sides of а 

o A triangle taken 

Fig. 50 Fig. 51 in order, the 


forces are in 
equilibrium (Fig, 51), Since the quantity force has some specific 
direction and magnitude, it is called а vector. The vector obeys 
the laws of addition, subtraction, multiplication and division in 


some modified manner. [Vide Basu and Chatterjee’s Intermediate 
Physics, Part I, Ohap. III] 


Date— EXPERIMENT 14 


To Verify the Law of Parallelogram of Forces 


Theory—If two forces P and Q acting simultaneously at a point 


be represented in magnitudes and directions by the adjacent sides 
of a parallelogram drawn from the point, their resultant R is 
represented in magnitude and direction by the diagonal of the paral- 
lelogram passing through that point, 

Apparatus—A black board 


t ; two frictionless pulleys, a small ring, 
three weight hangers and 


є а few standard weights. [A diagram of 
Fig. 52 is to be drawn on the blank page of the Fair Note Book ils 
Procedure— Fix up 


two very light pulleys PP ай the two cor- 
ners of a black board fixed vertically (Fig. 59). Suspend two iden- 
tical scale pans from the ends of two stout silk threads and paes the 
threads over the pnlleys, Fix up the other ends of the threads to в 
small ring at О by loose knots, Suspend another scale pan of equal 
mass from the ring. Set up three small stools about one foot below 
the scale pans, as a Measure of safety, so that the scale pans may 
aot crash down on the floor, 
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Place a known weight on $he middle scale pan and place: guit- 
able weights oa the side scale pans bo obtain a balanca so that the 
pang with their loads all hang in air. The load on each pan together 
with the mass of the pan records the tension on the corresponding 
string. Find the mass of each load on ths pan. Take out the losds 
and find the mass of the pans: Leb Wi, Wa and Ws be the total 
loads inclading the respective masses of pans. 

On the black board draw А line OB parallel to one thread of 
longth proportional to W1 and another line OA parallel to other 
thread of length proportional to Wa. Oomplete the parallelogram 
OARB and draw the diagonal OR. 
Take a plumb line and suspend 
it from a vertical stand and bring 
the point of suspension at В. 1% 
would be found that OR is 
vertical and is slong the string 
carrying Ws Measure the length 
OR, which would be found pro- 
portional to Was Hence, the 
resultant of W, and Wa is Ws: 
Take three sets of readings each 
time altering the lengths of the 
strings and the loads on the у ae» 

c 52 
ew. ‚Шан queen Fig. 52—To verity Parallelogram Law 
Then according to the parallelogram law, 

Wa = JW; Wa! + У: We cos 0 

Vo ho relation in each individual case. р 

реш mass of the scale pan carrying load W;-30 1 gms ү 
carrying Үз. 36'2 gm. and that carrying W,=479 gm. The sides 
of the parallelogram are drawn to the scale of 5 gm. per om 


Load W,| Load Ws Goad W, ange E 
a B | inclading| including including 0, $ 
25 рап pan pan " 
E "o^ 
JUL "EL 
gm. gm . „9 
———d— ERS 
o [=] E 

1 9301 86:2 = E а 

9 so. LI aoe fs 
3 em d ч E 
t = sil $ E 


i i i i i is due to small 
D n—A source of error in this experiment 18 
ано асо ве pulleys. This error is less and less 9$ lighter pulleys 


with ball-beariag arrangement are used. 
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The ring to which the strings are knotted should be very smooth: 
and knots should be very loose ; otherwise directions of the strings. 
will not be passing through one point and the parallelogram law 
can not be verified. The accuracy with which a load in pounds or a 
length in inches can be read depends upon the unit chosen. 


Moment of a Force 


When а Боју can turn about a certain axis, the effect of a force 
to rotate it is found to depend upon two factors,—(1) the magnitude 
of the force and (2) the perpendicular distance of its line of action 
from the axis of rotation of the body. The algebraic product of the 
force and the perpendicular distance of its line of action from the 
axis of rotation is called the moment of the force. If the rotation 
is anti-clockwise the moment is taken to be positive, and if it is 
clockwise the mcment is taken to be negative. 


If two or more coplanar forces acting upon a rigid body produce 
equilibrium, the algebraic sum of the moments of all the forces 
about any point in the plane is zero. Hence, if two forces acting 
upon & body, capable of rotation about an axis, produce equilibrium, 
the moments of the two forces about the axis are equal and opposite. 
This is called the Law of Moments. 


Forces, whose lines of action are parallel, are termed parallel 
forces. Two parallel forces acting in the same direction are said to 
be like and those acting in opposite directions are said to be unlike 
parallel forces. Two unlike parallel forces, if equal in magnitude, 
are called а couple. The effect of the couple upon a body is to tend 
to rotate it continuously about a given axis. 


Date— EXPERIMENT 15 


To Verify the Law of Moments 


Theory —It two forces acting upon a rigid body, which is capable 
of rotation about an axis, keep it in equilibrium, then the moments 
of the forces about the axis are equal and opposite, 


Apparatus—The moment apparatus, two weight hangers, a few 
slotted weights each of 0'1 Tb mass, and a spirit level. 


bs moment apparatus consists of a long and graduated uniform 
rectangular rod SS (Fig 53) suspended horizontally at its middle 


s A 9 


Wa 


Fig. 53...To verify Law of Moments 


‘point О by а little cross-bar from bw i i 
) b с О vertical pillars. Т. 
small friction ab the points of support the lower йө Bs dieu. 
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bar is made sharp. A spirit level is placed on the bar and а smali 
weight is counterpoised on the other side to maintain the horizon- 
‘tality of the bar. Two scale pans A and B each having а hook, 
‘сап be placed anywhere on the rod. Е 

Procedure—Place а spirit level оп the edge of the bar along its 
dength аз near to the centre as possible. Take two scale pans or 
weight hangers and weigh them separately in a balance Let their 
weights be W, and We lbs. Suspend the scale pans by hooks from 
the graduated rod. Place a load of one or two pounds on one pan 
and a different load on the other. Keep one hanger fixed and slide 
the other over the rod until the bar becomes hcrizontal; its hori- 
zontal position being tested with the spirit level. Take three read- 
ings with the same pair of loads, in which the position of one load 
may be kept fixed. Take three or four such pairs of loads and 
tabulate tho readings as shown. If Wi is the total load including 
the weight of the hook or the pan at A and Wa that at B and if 
OA and OB are the distances of the hooks from the point of support, 
then it would be found that Ws ХОА = Ws X OB. 


Results— 
Weight of scale pan at A=0'l Ib. say. 
Weight of scale pan at B=0'1 Ib, say. 
SSS e 


«E g 2 o| Moment a-pe 23 o| Moment 
SB le<lgu<|e<S] ow, |с аа of Wa 
55 |34*3 993 S38 =Forceex |95465 3 Bs S| =Forcex 
A $ S" Een А =| Distance o А “| Distance 
Ib. | 1b | in. | lb.xin. Ib. | ^. | in | lb.xin. 
1 0'6 0:6 | 15'0 90 oT 0:8 | 11° 8'96 
2 04 0'5 | 185 9°25 06 0.7 | 182 924 
E] 0'8 09 T'O 6'3 0'5 o6 | 105 68 
4 01 0:2 | 200 4'0 0'2 0'3 | 15'4 4'02 
5 09 po |115 116 07 08 | 144 | 11°52 


Discussiong— The equilibrium of the suspended rod should be 
stable as otherwise the rod, if slightly tilted, would not come again 
to the horizoatal position. But if stability is much increased a small 
load on one side would not appreciably tilt the той and the sensiti- 
vity would be decreased affecting the accuracy of the experiment. 

Since the rod is calibrated in tenths of ‘an inch and the hook 
hag an appreciable width, the reading for any position of the hook 
cannot be taken correct to в tenth of an inch. Hence there is а 
slight variation in the exact equality of moments for each rosition 
of equilibrium. This variation is found to be less than 1%. The 
ratio of the loads placed on two sides should not be too small; since 
then the ratio of the arms would be reciprocally too small or large. 
Any error in reading the length of the smaller arm would entail a 


larger porcentage of error. 
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ORAL QUESTIONS 


What is meant by a moment of a force? Is it possible to measure tho weight 
of a bcdy by the moment apparatus, how? What for is tho spirit level on the 
bar? Is the weight of the bar of any consequence in the measurement of 
moment? Is it essential that the bar be suspended at its middle point? Is it 
possible by mozifying this apparatus to demonstrate the laws of like and unlike 
parallel forces ? What is the difference between the moment and a couple ? 


Date— EXPERIMANT 16 
To Verify the Laws of Parallel Forces in Equilibrium 


Theory—If a body be acted upon by two or more parallel forces, 
the resultant force is equal in magnitude to the algebraic rum of 
the components and the point of application of the resultant is such 
that the sum of the moments of the component forces about that 
point would be zero, 


Apparatus—A uniform and rigid wooden labh of length about 
8 ft. having graduations in inches, two spring balanees, a weight 
hanger with slotted weights. 


The wooden lath PP is provided with two hooks O;Os at its 
ends by which it may be suspended from a framework by two 
SS SSS SSS SSS spring balances S and 8 
(Fig. 54). The point of 
supporb of any hook is 
marked by an indicator 
line, The weight hanger 
W of а known mass has 
got another indicator line 
ab which it can be sug- 
pended. Suitable loads 


can be mounted on the 
Fig. 54—Parallel Forces Apparatus hanger. 


Procedure—Suspend the lath by the terminal hooks from the 
spring balances and take the initial readings of the pointers of tho 


balances, The gum of the weights recorded by the balances gives 
the weight of tho lath. 


Suspend the weight at any point A of the lath and read its 
position on the soale attached бо 16. Then put a known load on the 
hanger and take the readings of the balances, Shift the hanger to 
different points on the lath ag given by B and О etc. and take read- 
ings each time. The experiment ig repeated with differens weights 
оп the hanger. Tabulate the results and show that for any set of 


observations the moments of the forces about the Point of support of 
the weight hanger are equal, 
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o 9, ^ ç 4 
Еі e e o X - 2 2 Ы o < 
EU a o ER gw а a 
Et 50 8 3 E Б. 9 5 о 
[28 E El x Aw zu Б] A x 
= o 8 " ^B EE o а a 
Se ie s Е = аа |А 
TI a $ 5 А 
lb. lb. | in. |lb.xin| 1. lb. lb. in. Ы. xin 
3'2 19 |155 | 29°45 18 |915 | 085 | 84°5 | 293: 


so | iy lara | sr | 18 | 965 |188 |атв 975 


atog Scussions—The type of spring balances, as shown, is građu- 
Henc in one-tenths of a pourd and the bar in one-tenth of an inch, 
tall e the product of the mats and the length as found experimen- 

Y should be correct to the nearest integer. To ensure a greater 


unit i m" H . 
Quired LÁ of result a more sensitive type of spring balance is гө" 


ORAL QUESTIONS 
How can 
theorem on parallelogram of forces ? 
Ts thi you define а force? What is the theo: p t iot forced 


t 8 theorem f forces act upon а 
SR eme Wero d unlike parallel forces? Is it 


m on ik 
Possi parallel forces? What are like an 1 
80 hon to co-relate the theorems of parallelogram of forces and parallel forces; if 


D 
Bie ExpBRIMENT 17 


To Verify Newton’s Second Law of Motion 
th Theory—Tho rate of change of momentum is proportional to 
ling „Pressed force and takes place in the direction of the straight 
And along which the force acts. Hence force is the product of mass 
force 3 aco. leratlon, or in other words, ^ given externally impressed 
ove always produces a constant acceleration on а mass free Ho 
tation f the mass starts from rest and is under а constant acce 


for a time /, the space $ traversed is given by.— 
f here is kept constant. 


oads suspended 


$mi 
xt? 8 А 

f or за = Constant, since 
ne, two equal 1 
stop-watch, Aaa 
f a straight and stout meta 
ed accurately vertical to a rigid 


by aDbaratus—An A&wood's machi 
ight string, a metronome OT 8 


Beate. Atwood’s machine consists 
; to 4 metres in length, fix 
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support (Fig. 55) The top of the scale carries a pulley W which 
ean turn very freely without friction. The fine string, carrying two 
equal loads P and Q at the ends, passes over the pulley. A small 
additional load R called the vider as shown separately in the figure 
may be mounted on any one of the loads to make it a bit heavier 
and to impart a motion to the system. О is a platform on which the 
load P can be supported and by & mechanism this support may be 
removed and load released at a known instant. In an improved 
C is dispensed with and the load Р 
made of iron may be clutched by 
an electromagnet M (Fig. 55 D). 
and when the current of the elec- 
tro-magnet is switched off at & 
known instant, P is released. B is 
a ring vertically below O and is 
larga enough to allow P to pass 
through but it arrests the load В, 
as sho sn in Fig. 55 (b). A is an- 
other platform which stops the 
motion of P farther down, All the 
platforms can te adjusted at 
desired heights. 


Procedure—Remove the ring 
B from the stand. Place the rider 
R upon the load P and hold the 
combination by the electro-mag- 
netic clutch or by any other 
means as available. Raige the 
platform A and clamp it at about 
1 metre below the load P. Mea- 
sure the distance from the lower 
end of P to the upper surface of 
A accurately with a metre scale 
at least three times and find their 
mean value ; call it s. 


m РТ Re. Take a stop-watch measuring 
“taneously swi б one-tenth of а second. Simul- 
SUE Лы off the current of the electro-magnet and starb the 

Just STNE js P with R is found to descend with an acceleration. 
stop the wat Mo the plate A, you get a sound and instantaneously 
Maec c à Note the interval &, An accurate reading of such 
E EU Diu SN preliminary practice, Students are 
e в В А 
times before taking actual Ee epee of interval a number of 
of rs CATH 159 à E ber of readings by varying the distance 
of fall... Ib would be found that that cuts ey Correrponding times 


is very nearly constant. Hen i 
vant. ce, & given t 
acceleration upon a given mass, HEREDI TOESS pA RES оода 
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Results— 


No. of Space Time 4% 
readings moved required a 
s om. i sec. cm./sec? 


1 150'2 5'8 4°50 
2 200 ae 451 
8 251 75 on 
4 302 8'2 {51 
5 348 ө 4°58 


Discussions—The approximate constancy of the ratio s/t? shows 
the uniformity of acoslera&ion proluced by the weight of the rider. 
Io is a matter of difficulty to reckon the interval when the system 
is moving with a high speed. Тһе variation of observed s/t* may 
be due to this as also to some frictional forces called into play at 
the pulley. 

Measurement of g with an Atwood's Machine 

To measure the acceleration due to gravity at the laboratory, & 
Similar expriment with an Atwwood’s machine is made and the 
acceleration f of the system is carefully determined. If the total 
mass moved be M and the moving force be mg. then 


Jem. where о= 0 in whatever units they are expressed. 


In the particular experiment, combined masses of P and Q with 
connected string=2183°6 gm. Mass of R=20'4 gm. Hence total 
mass = 9204 gm. Taking / = 9°04 cm,/sec*. 


g- noe om./sec.2 =995 om./sec.* 
This method o 


gmall error in measuring t will caus 
error in determining f. since the general values of і should be 


kept small for experimental facilities. This variation causes a 
proportionate variation in the observed value of g. 
Vorification of Equations of Motion 
The cquations of motion of bodies, bared upon Newton's first 
and second laws of motion, are the following :— 
(1)  v-utft. 
(2 se-utift* 
(3) 0% =ш? +2 fs. 
where u=initial velocity, 
ration, {= іше during which 


during the period t. 
In particular cases when the bcdy starts from rest, w=0 and 


the equations of motion reduce to the forms, v=/t., $73 Ji" and 
vi =2 fs. 


P,P/6 


f measuring g cannot be very accurate, since & 
e an appreciable percentage of 


v=final velocity, f=a constant accele- 
acceleration acts and s=space traversed 
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To verify the first equation, i.e, v=/t., take two equal loads 
P and Q suspended by а light string and suspend the loads by the string 
passing over the pulley W of the Atwood's machine. Fix up the ring 
B and platforms A and O at their usual positions. Mount the load 
P on О and put the riders В on P. Measure the distance AB. 
Release P with R and simultaneously starb the watch and observe 
the time required for the rider to come upon B. Let the time interval 
be t- Again measure the time for the load P to travel the distance 
AB, which is, say, T. Since the load moves over AB with a uniform 
velocity, v is AB/T. Tne period during which the system is under 
acceleration is ¢. Change the distance AB a number of times and 
in each case measure £, AB and T It will be found that AB/T 
is proportional to ¢; or in other words, v © t. 


Or, "ү = constant 7 f = acceleration pro?uced by the weight of 
the rider. 


To verify the second equation, s=%/t.2 make an experimental 
arrangement as that of Expt. 17, and show that 2s/t?=constant. 


Hence Z= constant =f=acceleration produced by the weight of 
the rider. 


To verify the third equation, v? —9 fs., proceed as that of the 
first law and measure in each case v= AB/T and also measure BO 
which is s. Then, show that v’ =з, 

a 

Hence 7- = const, =f = acceleration produced by the weight of 
the rider. In this case we assume that the distance of fall is such 


that there is no variation in the weight of the rider, This is 
actually so for small heights. 


In all these cases, accurate verification is пой ғо easy as they 
appear, because | of the difficulty in measuring such short intervals 
of time. For this reason, a synchronous method of reckoning time 
py a metronome is sometimes adopted. In an improved form of 
т 528 machine, in which she string carrying the loads is replaced 
| y a popan ара and time is recorded by a vibrator marking short 
(T x 8 with ink on the tape, such difficulties have been overcome. 

or details vide Basu & Chatterjee's Intermediate Physics.) 


Date— EXPERIMENT 18 


à To Verify Newton’s Third Law of Motion 

Theory—To every action there i 

4 s) t € 18 an equal and opposite reaction. 
This principle when applied to two bodies ШИЛЕР collision 
would be equal to the sa g 


е: me even after collisi Pss 
the principle of conservation of momona оп, This is known as 
A 


Apparatus—A ballistic balance. в few bi о different 
P 3 alls of steel of di 
sizes, metre scale, vernier calli en ni i with 
m lpers and a physieal balance 1 
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A simple ballistic balance consists of a heavy and rigid vertical 
support T provided with an adjustable 
clamp O (Fig, 56), The clamp carries a 
Cross-piece. The ends of the cros:-piece 
are provided with two identical blocks 
BB. Two steel balls M and m are £us- 
Pended from these blocks: each one be- 
ing fastened by two threads going to the 
blocks through small holes drilled in 
metal strips. The ends of the threads 
are wound over small wooden cylinders 
fixed upon each block. The wooden 
cylinders may be rotated and thereby 
the length of the thread may bead- 
Justed, This sort of suspending any- 
thing is knownas a bifilar suspension 
and is mostly used when oscillation of 
any body in a definite plane is desired: pig, pg. pallistio Ferdulum 
further there is no rotation of the 3 
ody along vertical axis while oscillating. A metre scale В is fixed 
horizontally to read the extent of swing. An electromagnet His 
used to clutch any ball at any position, On switching off the current 
the ball is released by the magnet and it would strike the otber 
ball. When collision of both the balls in motion is desired, two such 
electromagnets may be used on both ends of the scale, 
Procedure—Weigh the two balls separately in a balance. Det 
their masses be M and m, M being larger than m. Measure the 
diameters of the balls with a screw gauge. Take three readings of 
diameter for each ball with a vernier callipers and find their mean 
Value, Tet the mean values of diameters be D and d. 
Suspend each ball from the сговв-ріеве by a bifilar method such that 
O the centres of the two balls are on a horizonial plane. 
Place the soale S soas to coincide with the Папе 
of oscillation of both the balls, Pass a fine string 
through the holes of the strips carrying tbe bifilar 
suspension. Measure the vertical distance from tke 
middle part of this string tothe upper surface of 
the ball either with a metre scale or better with 
a cathetometer. Take three to four such readings 
and find the mean. The mean of these plus the 
radius of а ball gives the equivalent length of & 
pendulum, which is, say d 
Adjust the position of the strips so that the 
balls just touch each other, Take the reading of 
the position of the string from a direction 
perpendicular to tbe scale, Care is taken to see 
that for normal positions of the balls, they just 
Fig. 57 touch each other. Measure the vertical distance 
between the horizontal thread line at the top and the upper snrface 
Of the scale, Let it be @ (Fig, 57) 


s 
EIN me 
j 
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Now displace one ball, say larger one, so as to touch the electro- 
magnet and pass the electric current so as just to clutch this ball. 
Read the position of the displaced thread on the scale whence the 
horizontal displacement of the thread is found. Let it be 2, which 
should be small. If angular displacement of the pendulum be 61 then 
tan 0: =2/2. Thus knowing z and d and referring to a Tan-table, 01 
js found. 

Switch off the electromagnet when the ball takes a start and 
as it reaches the vertical position, it collides with the smaller ball 
and both are set into motion. Read the extents of swings of strings 
attached to the balls from the scale. This can be done once by 
watching the smaller ball as it swings and in the noxt experiment 
the bigger one. Take a number of readings for the swings of both 
the balls, Let the scale readings for the bigger and smaller balls 
when thrown by impact be y and z. Then tan 0,=y/d also tan 03 
=z/d, whence 04 and 0, are found. 

Now if hı be the height through which the bigger ball was 
raised when it was clutched by the electromagnet, the potential 
energy at this position is Mghı. Just before collision let its velocity 
DD at this position energy is all kinetic, its value is 
а Muy. 


S. % Ма" = Мул whence ш: = Jagh, * 


again, ha =1 (1—cos 0,)= 21 sin” (22) 
an Us 79 gi sin 


Hence, the momentum of the bigger ball before impact is 
Mu, «2M. J| gi sin ^ 


In а similar way the momentum of the bigger ball after impact 


= Mu, - 2M Jui sin ^ and of the smaller ball = mui 


—92m gl sin ^ 


Hence, if the princi 


ple of conservation of mom e 
Mo if; id l entum be true, 


or, M sin ем віп “stm sin = 
Besults— 


The mass of bigger взе! ball=13'8 gm. 
The mass of smaller steel ball —9'42 gm. 


"The rotational energy for small oscillati 5 
be neglected, ations is very small and hence, it may 
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The vertical distance from the axis i 
of suspension fo th 
edge of the scale=604 cm. nio: 


a m 
EX | 
zi S 
nat Н ;4 0, | Swin ;Q 05 | Swi 
= M sin & БМ sin -2-| Swing in 9s e g 
8 НЕ 2| of M um 3 | ofm Шш. Mein =. БЕ 
“i B ° B2 
o = в ERU 
Gi A m sin ^3- 2а 
А сщ. gm. 
1 85 
2 ee 
8 ‚+ 
4 
5 E 
Hee siu aj Rala рөө 


Discussions—The instantaneous reading of the extent of swing 
Of а ba l atter impact is а matter of practice and it is really the source 
of error in this experiment. The collision should be accurately head- 
O^, вв otherwise the motion of the balls will not be in the same 
Vertical plane after impact. The loss of energy due to friction at 
the supports, g-neration of heat due to elastic deformation at colli- 
Sion and production of sound etc. is supposed negligibly small. à 


ORAL QUESTIONS 
w does the idea cf force come from 


these laws ? D.fiae a unit of force. What is moment .m and how is momentum 
How is the idea of mass derived from the effect 
principle of conservation of momentum 
related with Newtou's (bird law ? What is free motion of a body ? The impact 

icati 'g thir 


statement ? Olearly differentiate between 


AW; can you city an ex.mplo of the above ? 
by Newton’s second law and as defined 


9 Casas where we apply force as dofinel 
by the third law. 


Friction 

If an arrangement is made such that two bodies always remain in 
Contact, a small force acting on one body parallel to the surface of 
Contact may not move it relative to the other. The reason is that as 
an soon as external force is applied to one body, an equal and opposite 
force ia produced on it at the point of contact due to the other body. 

hen, however, the external impressed force is gradually increased, this 
Tetarding force increases to а certain extent and then as:umes а steady 
Value, Any further iacrease in the impressed force will actually move 
the body. Such a forco which arises out of bodies in contact is 
Called fristion, Waea опе body is just on the point of sliding over the 
Sher, the friction із said to be limiting, whereas if the body is 
actually sliding over tue other, the friction is said to be kinetic or 
dynamic [Vide Bisa and Ohatterjee's Intermediate Physics, Part I, 


hap. V]. 
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Laws of Limiting Friction—The direction of the limiting 
frictional force is opposite to the direction in which the force tending 
fo move the body acts, 


(a) The magnitude of the limiting friction always bears а 
constant ratio to the normal reaction. The ratio of limiting friction 
to the normal reaction is called the co-efficient of friction. 


(b) The constant ratio depends only on the material and 
nature of the surfaces in contact bus not the area or shape of the 
surfaces, 


Date— EXPERIMENT 19 


To Determine the Coefficient of Limiting Friction between 
two substances on a Horizontal Surfaco 


Theory—Tne ratio of the limiting friction to the normal reaction 
-across two +urfaces is called the coefficient of friction and is usually 
denoted by А. Thus, if F bo the limiting friction and R the normal 
reaction, then 

PC I 


R 
u depends upon the nature of materiale in contact but not upon 
fheir areas or shapes provided normal reaction does not change. 


Apparatus— horizontal friction board, a number of rectangu- 
lar blocks of various materials with plane bases, & scale pan, several 
weights. 


A friction board consists of smooth wooden table T which can be 
> made horizontal (Fig. 

58) A light pulley P is 
fixed at one end. Bodies 
B and О in the form 
of rectangular blocks, be- 
tween which the coeffi- 
cient of friction is to be 
determined, can be plac- 
Fig. 58—Horizontal Friction Board ЕГА 

HA БР Which is attached to the top-most block, passes 
eh Wilh ed Wong BY and its other end carries a menle pan 

Ci 
be placed upon the Pati e placed. If necessary, extra loads 1, can 


5 : ngular blocks. 
focedure—To determine the coefficient icti 
А of friction between any 
tro A SERIE Ray metal ani wood, take two rectangular blocks one 
of brass an 26 other of wood О апі make their surfaces of 
БОО, lean’ and dry. Windy (ya тавда of the block C in а rough 
balance. Let it be M gm, 


; ЕШ, . Attach a string with O and pass it 
Over the pulley and tie it to a scale pan, Tne string must perio 


horizontal upto the distance of the pulley. Taen place a spirit level 
проз В and by means of levelling screws at the base of T (not 
sh3wn in the diagram), make the upper surface of B horizontal. 
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Weigh the scale pan; let the weight be m. Next place а load 

a oa the block C and place weights, one by one, on the pan till 
e block is on the point of starting. Note the total load F on the 
m Repeat observations for every load on the block. Take three 
о five such loads on the block and tabulate readings as given below. 


Results— 
The mass of the wooden block- 292'8 gm. 
The mass of the scale pan =100`1 gm. 


5 E Load L | Normal Load W Pulling Coefficient 
om on Reaction on Force of Frio- 
z $ Block C| R=M+L | Scale pan | F=m+W tion F/R 


Surfaces 
in 
contact 
Mean value 
of 
Coefficient 


gm. gm. gm. gm. 

= 1 500 7913 40 1401 
ood | 2 600 8928 48 1431 
and | 8 800 10928 60 1601 
Motal| 4 900 1142-8 15 1151 
5 1000 12923 88 1891 


Discussions—The coefficient of friction depends upon the surface 


Conditions such as moisture, lubrication and the position of the 
Surface fibres, if any, etc. For this reason it is nob possible to 
Supply an exact value of the coefficient for any two substances. 

The friction board, while under experiment, should always be 
kept horizontal ; otherwise the normal reaction R is not equal to the 
combined masses of the block and the weights placed ор>п it. The 
String passing over the friction table sbould also be horizontal, 
Otherwise the masses of the scale pan and the weights placed upon 
it Would not be equal to the frictional forces. 


Verification of Laws of Limiting Friction—To verify the first 
m take any two substances in form of blocks and place them on 
he friction board. Then carry on with the experiment in the pre- 
99 ng manner. It would be found that the ratio of the limiting 
tition and the normal reaction is a constant quantity. 
econd law, take different pairs 
filcients of friction. It would be 
different for different pairs. 
f the surfaces in contact be modi- 
gnitude of the limiting 


trict; 
Тооп would change. $ 
of d verify the second half of the second ux ud E 
Ticti 3 ос! 
ction for any pair. Then cub the upper Wicient agains AE 


Ө size of the surface in contact and find the cof 
Would be observed that the result does not change appreciably. 


88 INTERMEDIATE PRAOTIOAL PHYSIOS 


Date— EXPERIMENT 20 
To Determine the Coefficient of Limiting Friction 
by Inclined Plane Method 


Theory—If а body rests on a plane surface, capable of being 
inclined, and if а be the angle of inclination of the surface with 
the horizontal plane when 
the body is just’ on the 
point of sliding down, 
then the coefficient of 
limiting friction between 
the substances is А = бап a 
(Vide Basu & Ohatterjee's 
Physics, Part I, Chap. V) 

Apparatus—An ad- 
justable inclined plane, 
в block of wood, a scale 
pan and some weights, 

An inclined plane 
apparatus consists of a 
horizontal bare board 
provided with a rigid vertical rod (Fig, 59). Another rectangular 
board В is hinged at A at one end of the base board such that it 
can be placed аб various angles with the base by clamping it any- 
where on the vertical rod. The angle of inclination can be read 
directly by a pointer moving over a circular scalo A. Blocks of 
various substances are provided and plane sheets of various mate- 
rials can be fixed upon the inclined plane, 


A smooth pulley P is fixed аб опе end of the board and if neces- 
sary, & block B can be pulled up by a load W when attached to it by 


а cord running over the pulley, The attachment is nob necessary 
80 far as this experiment is concerned. 


Procedure—To determine the coefficient of friction between, 
say wood and wood, place a plane sheet of wood on the inclined 
plane and put a wooden block upon it. Make the base board hori- 
zontal | with а spirit level. Loosen the clamp on the vertical rod 
and raise this end slowly till the block is on the point of moving 
down. Read the angle of inclination from the scale, Again, make 
the angle smaller and bring the block to the central part and Ш 
the plane to another angle for which the block just starts to move. 
In this way take a number of readings for different loads on the 
block and find the mean, The tangent of this angle ig equal to the 
coefficient of friction, 


An alternative method 


Fig. 59—Inclined Plane 


e height of the upper sur- 
face of the plane from the base board along the vertical Tod and 
from the foot of the rod to a point on 


the base board where the upper surfrce of the inclined plane is 


Sres 
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likely to meet, If the former is № and latter is т, then tan а= ћ2- 
Take a number of readings for both h and z and find their mean. 
ratio. 


Results— 
се ЕЕЕ 
Surfaces Length 
in No. of Height of base Value | Mean value 
contact readings h board х of p of д 
ah 
cm. cm. ma 
D 
1 
Wood 2 
and 8 
Wood 4 
5 


Discussions—The coefficient of friction varies slightly for 
different regions of the jnclined plane. Hence, when the block is 
made to start from different parts of the plane for different sets of 
Observations, the value of 4 would be found to very lightly. Hence 
& very good accuracy of result cannot be claimed in such an 
experiment. 

ORAL QUESTIONS 
y friction ? What is the coefficient of friction? Define 


laws of limi icti i lation between the coefficient of friction 
ting friction, What is the relation i i 

and normal e ор ? Qan you suggest any means of reducing the friction 

etween two bodies ? Does the coefficient of friction depend on the area of contact 


ОЁ two bodies ? 


Elasticity and Hooke's Law 


A material body may be d 
forces, A deformed body ів 6 


What do you mean b 


eformed by the application of external 
aid to be in a atate of strain. When 
the body is strained, internal forces ar® called into pley, which tend 
to bring back the body to the original state. The internal forces 
are called stress. Hooke’s Law states that whatever may be the 
Dature of the strain, the stress produced in в body is in direct pro- 
Portion to the strain produced iu it. The ratio of stress and strain 
is called the coeficient of elasticity. 

The nature of the strain varies with the rature of the applied 
8tress, When a body is subject to & uniform pressure all over ib, 
he nature of the stress is called volume siress. As a consequence 
he body undergoes 8 change 1m volume, The change in vclume per 
Unit volume is called the volume sirain and the ratio of there two 
Measures the coefficient of volume elasticity or simply tulk oaut, 

hen the body is such that forces acting iar gentially across its 
OPposite surfaces deform its shape, the force per vnit area is called 
the shearing siress The deformation, measured by the relative 
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displacement of planes at unit distance, is called the shearing strain. 
The ratio of these is called the modulus of rigidity. 


If a body, whose length is very large in comparison to its 
breadth or thickness, is acted upon by two equal and opposite forces 
along its length such that there is an increment in length only, the 
change in other dimensions being negligibly small, the stress acting 
upoa it is called tensile stress. It is measured by the force acting 
perpendicularly per unit area of cross-section, The elongation per unit 
length is called the tensile sirain, The ratio of the tensile stress 
and tensile strain is called Young’s modulus of elasticity. Suitable 
bodies for determining Young's Modulus are samples of metal wires, 
thin rods etc. [For a detailed study of elasticity vide Basu & 
Ohatberjee's Intermediate Physics, Part I, Chap, IX.] 


Date— EXPERIMENT 21 


To Determine Young's Modulus for a Wire by 
Vernier Method 

Theory—If a load of M gm. attached to the end of a uniform 
wire of radius r cm. and of length L cm. stretches it by an amount 
1 cm. within its limit of clasticity, then Young's modulus Y of the 

‘material of the wire is given by the equation, 
— Tensile streas _ Mg/mr? „MoL 
Tensile strain ИП ar 


where g=acceleration due to gravity at the place of experiment. 


Aoparatus—Young's Molulus apparatus with vernier attachment, 


measuring баре or rod, a goale pan or а weight hanger and а 
few known loads, 


dynes/sq. cm. 


The apparatus consists of three long pieces of wires of the same 
material rigidly suspended from a beam B, (Fig. 60a). One of the 
side-wires carries a millimetre scale S and the other side-wire is 
attached бо a similar piece which is generally поб graduated. The 
purpose of this piece is simply for balancing the wires. A load W 
su ipended from both the pieces, keeps these wires stretched free 
from any kink. The experimental wire E, hanging at the middle, 
carries & Vernier scale V which can slide up and down the groove 
Ралан vertical side pieces. The lower end of the vernier is 
attached to a Scale pan P by a piece of wire passing freely through 
a circular hole in W, Some apparatus is provided with only two 


pieces of wires,—one carrying the main soale S and the other 
carrying the vernier scale V (Fig. 60 b). 


Procedure—Place a load of 1 or 2 kilograms on the scale pan 
to make the experimental wire straight. This is called the ‘dead 
load’, Мзазпге the diameter of this wire аб three or four points 
by a screw gauge and at each point take two readings ай right 
angles to each other. This gives the mean diameter from which 
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find the area of cross-section of the wire in sg. ст. Then find 
from the Table of Physical Cons- B «р 
tants or enquire from the teacher \ 
іп charge the value of the 
breaking stress t for the parti- 
cular specimen. Multiply the area 
of cross-section of the wire by the 
breaking stress, whice gives the 
breaking load for the wire. The 
Product gives the value of а load 
Which when put on the scale pan 
Would stretch the given wire beyond 
its limit of elasticity. 

Next measure the length of the 
eXperimental wire from, the point 
of suspension to the upper end of 
t e vernier with the measuring 
ape. If the point of suspension 
of the wire is too high to reach 
directly, an wooden lath of 8 
Measured length may be used to find 

Ө length of the wire to the nearest 

ee or inch, 

ake the reading of the vernier 
With a dead ld of one or bwo 
ilogrames on the scale pan. Then 
Put a load of one or half kilo- 
8tamme on the pan whereby the 
Wire is slightly elongated. Wait 
about a minute and take the vernie? 

Yeading again, In this way ® 
®ach time an equal load and take the 
Corresponding reading of the vernier, 
Siting about a minute after adding 
P 9 load ; care being taken that the 
i. load on the pan does not exceed 
alf the breaking load эв calculated 
Previously, After the maximum load 
a reached, take out the weights 
ue by one from the pan and record 
nother series of readings | for 


Sereasing loads up to the dead ; 
p to 9^ " 
toad, Tabulate the observations and 9 ME s joe 
nce calculate Young's modulus ‘igs о Е 


О ` р 
T the specimen of the wire. Kn pose of taking readings s 

EM jon=ar?=3'14 x17 e pur ng Fomo paris 

st at tah that the wire gets sometimes flattene! aga 
iN io the defect in construction oF continued ш ana ta the кай, jnst 

8 + The breaking stress for & particular mater Mere стопа the elas 

to ieiont to straln a wire of that matorial of unit ог 

% producing a permanent set. 
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Results— 


(1) To measure the diameter of the experimental wire. 
Number of divisions on the micrometer screw head = 50, say 
Pitch of the micrometer screw=0°5 mm. 


.'. Least count of the screw gauge Š =0'01 mm.=0'001 cm. 


to 
No. of Readings at Instru- | 8$ & 
observa- Мыл mental BA = 
tions ata position at right Zs orror PSFR 
mm mm mm mm mm 
1. 05+029=0'79 0`5+0°28=0 78 
2. 0'5+0'30 = 0:80 0'5+0'29=0 79 0'79 4-002 0'81 
3. 05--0:29- 079 0 5--0:80— 0:80 
s 
. 0 


*. Radius of the wiro= 081. 9405 mm. = 00405 cm. 


The material of the wire is, say, steel the breaking stress for 
which is 8000 kg. per £q. om. (vide Table after this experiment), 

Thus the breaking load for this specimen wire 

=m х (0'0405)* x 8000 kg. = 40°39 kg. 

-. Maximum permissible load on the pan is nearly 90 kg. 

(2) Measurement of Elongation of the wire: 
of the apparatus = 49 div. of main scale 

or. 1m—1v-75-'09 of a main scale divi.ion, 

Main scale graduated in millimetres (say) 

-. Least count of vernier— ұу mm.=002 mm. 

Initia) load on the wire=9 kg. (Dead Load) 


—60 div. of vernier 


——————— 


| 
8 Я | Scale & Vornior Readings ‚ Меап 
=з Loads Elonga- | Elonga- 
E E added Tonda Toads Mean tion for | tion for 
Za Increasing Decreasing 8 kg. one kg. 
kg. mm, | mm. mm, mm mm, 
1 0 18'02 18'02 18:02 
1 18:82 1834 18:38 
2 2 18:62 18°64 18 64 
$ 3 18:96 18:98 18:97 0:95 0'307 
4 19 24 19:28 19:25 0'91 
6 5 19°56 19:56 19:56 092  |-'08 om. 


* To get these figures, sea the columns "Loads added" and “Mean,” Oorrefe 
ponding to zero load, the reading is 18:02 m 
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гераћ of the wire-:288 cm. say. 
p RÀ 4 modulon Y for the specimen is, therefore. 
— 1000x 981x912 .,. 
$14 х 704055 x 03 2:01x 101° üynes/:q. cm. 
E. a the result is to be found from the graph, the last two columns 
3 Ө tabulated chart are поб required. Add one column after the 
К ean” column with the heading "Elongabions". Now subtract the 
ending 13°02 from 18°33 which gives '31 mm. as the elongation for 
Ma and record it in line with the reading 18°33. Again subtract 
02 from the 8rd reading 18°60, which gives ‘61 mm. as the elon- 
оп for 2 kg. and record ib in line with 18°64, In this way sub- 
"b tho 1st reading always from the subsequent readings and get 
Ө elongations for higher loads. 


m Take the increasing load as 
{ 9n аз ordinate. The graph shoul 
act that the elongation of the wire 


applied (Fig. 61). Then taking any point 
DES ae шры 


abscissa and corresponding elonga- 
d show a straight line due to the 
is proportional бо the load 


A on the straight line 


moon 
M Elonga- B "ШЕ 
end tions о 
B. 
з H ^ 
A :: 
mm. mm aut 
uum > E 
dala is : 
18:02 a ° 
18:33 81 9 H 
1864 «62 E 
18'97 “94 ín F 
19 25 1'22 2 
19°66 1'53 B Hir i 
_— СЕ 222 
. 61 
Last two columns of the Table Fig 3s dh 
i . Непо 
Obtained, find the elongation 7 and corresponding load Mg 


n scale and the vernier 

such that any dis- 

turbance of the support would гаш ш шавы 
1 i red. 

MM m bi oed E of б same length, otherwise & 


Ө same material and Very nearly 0 ir lengths by different 
increase their lengths by Сеге 
re would f the scales to change 


Variation of the temperatu re! 
amounts and A the relative position 0 
uring th e of the experimen’, 
There 1 m nob be too much friction between the ее a 
the main vifa within the groove. Care must be T SN а 
wire is поб loaded by more than half the breaking 1080. 
ORAL QUESTIONS 
Young's modulus. Why do you take a long wire for 


^, differ by using а thicker wire of the 
+ Sate ies Side by side ? What are the effecta 


Calculate Young's modulus. À 
Discussions—The wires carrying the mat 
Scale must be suspended from the same 8 


yo Define Hooke's law and 
d experiment? Does Young 
Tio material ? What ia tho use of two W 


54 INTERMEDIATE PRAOTIOAL PHYSICS 


if the two wires are not of the same material and are not suspended from the same 
support ? Why should the elongation of the wire be measured accurately ? What 
is meant by the breaking load for a particular specimen? What is the effect of 
temperature on Young's modulus ? What are the different moduli of elasticity ? 


Date— EXPERIMENT 22 
To Determine Young's Modulus of a Wire by Searle's Apparatus 


Theory—If а wire of length L cm. 
and of radius r cm. be elongated by l 
under а longitudinal stretching force 
due to a load M gm, within the limit of 
elasticity, then the Youpg's modulus Y for 
the material of the wire is given by 

-MgL 

x 7r*l 
where g is acceleration due to gravity 
at the place of experiment, 


Apparatus—Searle’s apparatus, a 
measuring tape, metre scale, two scale 
pans and slotted loads and a ecrew 
gauge, 


Searle's apparatus for measuring 
Young's modulus consists of a brass 
frame-work  beirg supported by two 
similar wires hanging from the same 
support B (Fig. 62). The two rectangu- 
lar parts of the fremework are loo:ly 
fitted by a сговв-ріесе О so that any one 
can side vertically through а шап 
range. One end of a spirit level L resta 
on an arm fixed to a frame while the 
other end rests on a platform being 
Supported by a micrometer screw which 
moves against a short linear scale 8 
fixed ab this arm, Two hooks are 
attached with the framework for sus- 
pending two weight hangers, 


Procedure—At tho starb 
loads, usually 1 to 2 kg.. on cena 
to make the wires straight, Measure 
the! diameter of the experimental wire H 
with а screw gague at four or five 
different regions and at each region take 
readings ай right angles to each other, 
Get the mean diameter of the wire and 
hence calculate the ar i 
етан ea of cross-section Fig. 62—Bearles Apparatus 

To find the breaking load for the 
multiply the area of cross-section of the 


dynes/cm?., 


particular sample of wire, 
Wire in sq. om. by the 
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breaking stress for the particular material. During the course of 
experiment, the wire should never be loaded with more than half 
the breaking load. 


To find the least count of the micrometer attached to the frame 
examine the vertical scale and determine the value of the smallest 
division of this scale. Now give the circular scale a complete turn 
and observe the linear distance through which the edge of the disc 
moves; this distance gives the pitch of the screw. The pitch divided 
by the number of circular divisions gives the least count of the 
micrometer. Next level the spirit level by adjusting the mirometer 
screw taking care to rotate the screw in the same direction and 
take the initial reading. Then place a suitable load of one or half 
a kilogramme upon the scale pan attached to the experimental wire, 
and after waiting for one or two minutes level the spirit level and 
take a readiug. In this way put equal loads by a few instalments 
and take correspondig readings. This gives a set of readings corres- 
ponding to loads increasing on the wire. 

Atter the maximum load is reached, take out the weights one by 
one from the pan and record another веб of readings for loads decrea- 
Sing. Each time after loading or unloading the wire, reading must 
be taken after waiting for one or two minutes. Tabulate the obser- 
vations. Finally, measure the length of the experimental wire from 
the point of suspension to the upper point of the frame with the 
measuring rod. Also draw the load-elongation graph as explained 
in the preceeding experiment and thence calculate Y. 


Results— 
(1) To determine the diameter of the experimental wire,— 


No. of divisions on the micrometer head=100 say 


Pitch of the micrometer screw =] mm. 
.*. Last count of the screw gague ='01 mm. 
Mean diameter of the experimental тіте= 1`11 mm. 
No. of Reading at Mean Instru- Corrected 
орва Value mere vite 
каа at а position | at right Z er 
ПЕНЫ Е ч 
| | mm mm. 
| 39-9 ne le t oo 
1 | 1'20 1°23 
9 1°22 ө 
3 | a 1921 


*, Rad'us of the wiro= 115 69 mm. = 059 om. 
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A brass wire is supplied, the breaking stress for which is 3000 kg. 
per sq. em. Thus the breaking load for the specimen=7 X ‘059° 
X 3000 kg. =31°62 kg. 

Hence maximum permissible load on the pan=15 kg. nearly. 

(2) To determine the elongation of the wire for successive 
increment of loads, 

No. of divisions on the micrometer head=100 say 


Pitch of the micrometer screw =1 mm. 
.. Least count of the micrometer ='01 mm. 
Dead Load on the wire =2 kg. 
| " ч | 
| Micrometer Readings Mean 
| No, of Loads |————____—_—_—__ —— Elongation | Elonga- 
readings added тоа Toad Mean for 4 kg, т од 
increasing | decreasing riri 
! 
kg, mm. mm. mm, mm. mm 
1 0 2:91 2'90 291 
2 T 3'20 3'21 8'21 
8 2 3:50 3°50 3'51 
4 8 3°80 3'80 3°80 
5 4 410 410 4'10 1'19 *30 
6 5 "e Gs eee 1'20 
T 6 s.. e ove 1'10 
8 7 soe eee eee 120 
1 тт 1 ——— 
Length of the wire=321 om, 
Thus Y=___1000x 981x321 
314x059 x 029 705 noslom* 
Log. Calculations : 
log 1000 —3 0000 log 3 14= '4069 
log 981=9 9917 log 059 = 2"7709 
log 821—9'5065 log '059—2"7709 
8'4982 log '03= 2:4771 
ee 45158 


log Y —8:4982—4'5158 = 11'9834 
ог, Y -antilog 11:98349 625 x 1011 


Such caleulations are to bo 8hown on the left hand page. 


4j Te Young's modulus Y for the specimen =9'6 х ]0!* dynes per 


Usually a graphical representation of th -i ation rela- 
tion is wanted in this experiment. The PTE od added 
is obtained from the Second column of the table. Write the top of 
288 шып column аз Biongation" осу. Then look to the fifth 
anne or mean readings and subtract 2°91 from 3'21 which gives 

mm. or ‘03 em, as the elongation for 1 kgm, Write this value 
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(03) against the second line. Again subtract 2:201 from 851 which 
is (06 cm, representing elongation for 2 kgm. and write this value 
against the third line. In this way complete the sixth column upto 
7 kgm. Now draw a graph with suitable scale between load in kgm, 
and elongation in cms. This would be а straight line. Now take any 
point on this straight line and find the corresponding load and 
elongation. Substitute these two data in the equation for Y and 


calculate the result. 
Discussions—Ihe two pieces of wire should be of the same 


material and should be rigidly suspended from the same suprort. Since 
a micrometer screw gauge is an instrument of higher precision than an 
ordinary vernier, elongation can be more accurately measured with a 
screw gauge, Hence this method provides a greater accuracy in 
determining Young’s modulus, other conditions remaining the same. 


Date— EXPERIMENT 23 
To Determine the Modulus of Rigidity of a Wire by 
Statical Method 


Theory—If в wire of radius 7 and 
length J be fixed rigidly at one end and 
subjected to a torque T at the other 
end producing а torsion of 0 radians, 


then 


7nr* 

T al 0 
where n=modalus of rigidity of the 
material of tho wire. If the torque be 
applied by two identical masses M put 
ab the ends of a bie rope coiled over а fly- 
wheel of diameter d, then T —Mgd, 
where g is the acceleration due to 
gravity. Further, if 0 be measured in 


degrees, then 


0° = E radians 


Substituting the value of T and 
reducing 0 to radian and then rearrang- 


ing the terms, we have 


Apparatus—Searle’s apparatus, а Д 


beam compass and а metre scale, a few = 
identical loads and а screw gauge. a 
The statical apparatus consists of a Fig. 63— Rigidity Apparatus 


stout wire R about a metre in length 
fixed аб its upper part to a clamp. At the top of a vertical stand 


(Fig. 63). A suitable load is suspended at the bottcm of the wire 
P. Р./7 
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to keep i$ straight. Just above the load a light fly-wheol W is rigidly 
clamped to the wire. Two ends of a tie rope, coiled around the fly- 
wheel, pass from opposite ends over two light pulleys carrying two 
ide ntical scale pans. А pinter fixed with the wire at its lower part 
passes over а horizontel disc E graduated in degrees. In some ap- 
paratus, the wire is provided with two or three pointers at different 
parts of its length, each moving over a graduated disc. 


Another type of rigidity apparatus is provided with a stout wire 
in a horizontal position. Two pointers moving over graduated scales 
may be clamped at any two convenient positions on the wire. Twist of 
the wire is effected by putting & load at the end of a tape susperd- 
ed from the rim of а flywheel W placed vertically (Fig. 64). 


Procedure—Measure the length of the wire between the upper 
clamp and the lowest pointer 
with a beam compass and a 
metre scale. Repeat the 
Observations two or three 
times and get the mean value. 
Measure the diameter of the 
wire carefully with a micro- 
meter screw gauge at five or 
six places and every where at 
two rectangular positions, 


Read the end of the lower 
pointer. Put two equal loads 
on the pan and read the 
pointers after waiting for a 
minute or two, Next add 
another two similar loads on 
the two pans and read the 
pointers. In this way take 


р 1 two series of readings, one for 
loads inereasing and the other for loads decreasing. From the two 


Series of readings find the mean twist for an applied torque or draw a 
graph with load as abscissa and twist as ordinate. Hence by applying 
the formula calculate the co-efficient of rigidity. 


Results— 


Length of the wire= 


-. Mean L - 
Pitch of So eA 
No. of divisions on 


-. Least Ооппб= 


ossosa 


Zero error of the instrument =(i), 
; Mean zero error— 
Diameter of the wire (mean of 5 different positions)= 


pige alation for the readings of diameter may be done as shown 


Fig. 64 


VUE (ШИЕ. OEE L 


ОШ) 


^ 
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Diameter of the Flywheel = (i)....... uu 


.. Mean diameter = ......... ay 


мою, | Това on Readings of Pointers 
9 Я | each moist | Total 
Sid P: Load Load | Twist 
zs an е Mean Deg. 
E] em. Increasing | Decreasing De Deg. 
is in Deg in Deg. 8: 
1 eve. 24°6 245 245 
2 10 66 65 658 411 
“4 60 * E. 984 
| ee es ee ee ae 
M 560 4 
From the tabulated chart le nsa gm/deg. for the particular spe- 


oimsn. Hence from the equation calculate the value of л. 
Conclusion—Since in tha equation, the radius of the wire occurs 
аз a fourth power, 16 should ba very accurately msasured, other- 
Wise the percentage of error wouli ba considerable. Hach time after 
increasing or decreasing the loads, the student should wait for а 
minuts or so before taking any reading. Frequent twisting of the 
Wire ganerates heat and alters the value of rigidity although fo а 
Small extent. If the instrumant is provided with l»velling screws 
at the base, the dise should be levelled, in order to make the ex- 
perimental wire vertical. 
ORAL QUESTIONS 
What is torsional rigidity ? What is the difference batwaen longitudinal 
Stress and shearing stress ? Explain the nature of stross applied in your apparatus 
&nd the corresponding strain. Is there any elatio lim't for tha partioular typa of 
elasticity ? What is tho stata of the sp3cimen if the elastlo limit is exsesded ? 
How will the twist chango, if yor use а longer wire of ths sama material or if 


the wire be thicker. 


Simple Pendulum 

An ideal simple pendulum consists of a mass suspended from a 
frictionless suppori with a weightless, ineatensible and perfectly flawt- 
ble string. Sinca these ideal coaditions cannot be attained, a simple 
Dandulum in practice consists of а mass suspended from a hook 
by a thin inelastic thread. Fig. 65 reprasents an arrangement of a 
Simple peniulam. B is 8 matal bob suspended from a support 
by a thin string preferably of unspun silk, When the bob is dis- 
Placed slightly from its position of equilibrium and then released, 

oscillates to-and-fro with simple harmonic motion. The period 
of a complete oscillation is given by the formula (Vide Basu & 
Chatterjee's Iatermediate Physics, Chap. VIII. Vol. I) 


gage f 
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where Т = Period of a complete Oscillation, i¢, the time required 
to execute а complete to-and-fro movemenf. 
t=Length of the Simple Pendulum 
ie, the length from the point of . 


support to the centre of gravity of 
the bob, 


g = Acceleration due to gravity at the 
Place of experiment. 
This formula holds good so long as the pen- 
dulum oscillates through a small arc.* 


Laws of Simple Pendulum— The equation 
for the period T of a simple pendulum depends 
upon its length 2 and acceleration due tc 
gravity g. Hence we derive the following 
laws :— 

Law of  Isochronitm—Tte регіса of 
complete oscillation of a simple pendulum 
of a given length at & place of experiment ів 
the same provided the amplitudes of oscillations 
are small; in short, the oscillations of a simple 
pendulum are isochronous. 


Law of Length—The period of oscillation 
of a simple pendulum varies directly as the 
square root of its length at a place of experi- 
ment; that is Те „/] if g is constant, 

Law of Gravity—The period of oscillation of a simple pendulum 
of a given length varies inversely as the square root of the accelera- 
tion due to gravity ; that is T« V1/g if 1 is constant, 


Law of Mass—The period of oscillation of a simple pendulum 
of а given length is independent of tho mass or material of the bob. 
Provided that the experiment is carried out at the same locality, 


Date— 


Fig. 65 


EXPERIMENT 24 


To Verify the Law of Isochronism and the Law of Mass of a 
Simple Pendulum 


Ae The Period of oscillation of simple pendulum of a given 


1 is the same for any amplitude provided the extent of swing 
MES eh and the period ig independent of the mass or material of 


len, 


LJ 
The arc should be so small that the sine of the angle subtended by half the 
are at the centre of the circle may be put equal to the circular measure of that 
t ee of approximation. For a semi-arc of 4^, sin 4^—'06976. 
and 4 —'06981, the percentage difference being 07%. Fora semi.arc of 6°, sin 8° 
718917 and 8°= '18963, „the percentage differenco being *8%. Bo for a simple 
pendulum experiment, considering the Percentage of accuracy attained duo to other 
factors, a semi-aro upto 8° may be allowable, 


EXPERIMENTS ON GENERAL PROPERTIES 101 


Apparatus—A vertical stand with a hook, a string, a metre 
Scale, a few round bobs of different materials. 


[A diagram of a simple pendulum with a stand is to be drawn.] 


Procedure—To verify the law of isochronism, set up а simple 
Pendulum by tying one end of the string to the hook of the stand 
&nd another end to the hook of the bob, such that the bob is sus- 
Deaded freely (Fig. 66). Now take the bob to one side through а 
short distance (not more than one-seventh the length of the string)* 
and then release it, It is found to oscillate, In course of oscilla- 
tions; when the bob comes to one end and is about to retrace its 
Path, starb the stop watch®. Next when the bob comes to the same 
Position, it executes one complete oscillation and count if as one. 
In this way go on counting, until the bob completes 20 or 30 
Oscilla&ions. At the end of the count, stop the watch and note the 
total interval, Maka three of four counts for different amplitudes of 
swing and tabulate the results, Calculate from each set, the period 
for a complete oscillation and show that period is sensibly the same 
for different amplitudes. 


. То verify the law of mass, tie a bob with a string and suspend 
it fron the support. Moasure the length of the string from the point 
of suspension to the upper surface of the bob with 8 
а beam-compass®. Next measure the diameter of 
the bob at а few places with а simple oallipers 
Correct to half a millimeter and find the mean 
radius, The length of the string plus the radius 
of the bob gives the length of the simple pendulum, 
Oscillate the pendulum though a small arc and find 1 
the time for a givea number of oscillations with a — f 5 
Stop-watch. Henca get the mean period of oscilla- ~ «2 
tion, Take a number of readings for the periods of 
@30illation with bobs of different masses and 
materials without altering the effective length of 


the pendulum, Fig, 66 


Results— 


(a) For the law of isochronism :— a | 
Length of the string: (i) 726 ош. (i) 71°5 em, (їй) 715 om. 


Mean length of the string = 71'8 em. 


i i d: Diameter of the bob: (i) 1'1 em, (ii) 1'0 om. 
(in) do pet ies IGI diameter of the bob=1'0 em. or mean 


radius —0'5 em. 
————————— 
1. For a stil 


2 pnus does not depend on the positlon of the bob whence time is 


3. Aun "accurato measurement of length is done by a cathetometer. 


. 
END 


1 larger oscillation the tim» period appreciably depends upon the 
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Length of the string +radius of the bob=72 cm. 


| 


| 
m Time for 30 oscillations 
No. of goal. | Mean Period 
Readings x | i see, sec. 
| 1st set | 2nd set | 3rd set 
1 2 | 51'2 51'0 51°0 51 1°70 
2 3 ! 510 512 512 611 1'70 
3 4 | 509 51°0 51'0 51 170 
4 5 512 512 512 b1'2 170 


(b) For the law of mass. 


а 
ч ® 5 
og 1 Length | Equi- No. of 
55 Мана! MAUS ofs'ring| valent | oscilla- Total Period 
A E ed CH & hook| Length | tions 
em. em em. geo, вес; 
al Iron 2'5 8T'5 90:0 30 5т'0 19. 
2 Iron 18 882 900 30 5Ta2 1:9 
8 Brass 27 8T:3 £0'0 30 57'2 rg 
4 Copper 2'b 88'5 90:0 30 56:8 1'9 
——————— 


Discussions—In the experiment for the verification of the law 
of isochronism, only one particular length of the pendulum equal to 
72 om. has been taken, The period has been found to be 1°7 sec. for 
various amplitudes for small ranges of oscillations. If the length is 
altered, the period is also altered. For the measurement of time 
Period for any length of the pendulum, the time for a large number 


of oscillations should be taken, as this entails a small error in deter- 
mining the pericd,* 


In the second set of results bobs of different sizes and materials. 
have been used, but the equivalent length of the pendulum has been 
kept constant. It is found that the period is equal in all ceses. Both 
the experiments are subject to а small error due to the resistance 


offered by air on the swinging pendulum as well as due to some 
friction at the point of support. 


* In course of measurement of period, we have to start and stop the wa'ch 


at some particular instante. Buprose that we make an error of '2 scc. every time 
in an attempt to reccrd a 


Single oscillation, which as 
error is '2 sec, the percentage of error ig 12%. 
oscillations, the mean value of which ig 51`1 вес, and thereby make an equal 


error of ‘2 seo, the percentage of error is "04%. So to ha: high cy, the 
time for a larger number of oscillationg ihowa te БАЙ Seve MUR 
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Date— EXPERIMENT 25 


To Verify the relation T= JJ for a Simple Pendulum 
and to Draw /—T curve 


Theorg— The period of oscillation of a simple pendulum varies 
directly as the square root of its length at a place of experiment. . 
In other words 

Tc |, when 0 is constant, 

Apparatus—A vertical stand with a hook, pendulum bob, metre 
Scale, slide callipers, stop-watch. 

[ The diagram of simple pendulum is to be drawn on the blank page and a 
description of it is to be given here. ] 

Procedure—Mensure the diameter of the pendulum bob with 
callipers ат five or віх different places correct to the nearest milli- 
metre and find their mean value. Half this value gives the mean 
radius of the bob. 

Take a pieco of silk thread of about one metre in length and 
fasten one end of it to the hook of the bob and slip the other end 
of this thread through the upper suspension hook of the stand and 
tie if to the stand. Measure the length of the string from the point 
of suspension to the upper surfaco of the bob thrice with a metre 
scale or better with a cathetometer and find the mean value. The 
equivalent length of pendulum is the sum of the mean length of the 
string and the mean radius of the bob. 

Draw a vertical line with chalk on the wall just behind the 
thread of the pendulum along the line of sight. Give the pendulum 
small oscillations taking care that it neither spins nor makes any 
elliptical orbit while oscillating.* 

-watch at the instant the thread in its swings passes 
"Tom bak line. Observe normally against the wall either 
with naked eye or better through low Power telescope, When 
again the thread passes against the line in the same direction, then 
count is it as one oscillation. In this way measure the total time 
for a given number of oscillations, usually 20 to 30. with the stop- 
watch. Oscillate the pendulum again and measure another time for 
equal number of oscillations. Take about 10 lengths of the pen- 
dulum from 100 om. to about 90 cm, at approximately even steps 
of 10 em. and arrange them in a tabular form. 


h showing the relation between length of the 
eens pies period. Choose suitable units to cover the full 
graph paper taking length 28 abscissa and period as ordinate. The 


graph, so drawn, is parabolic. 


he bob to one side to make it oscillate, do not drag it 


ese AE ва is more than one-seventh the length of the 


pendulum. 
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Results— 
Readings for the Diameter of the bob; 
-i 
T 
No. of Main | Vernier 
readings Scale | Scale Total Mean 
em. ош, em. em, 
1, Pu *04 3'94 
2. 8'0 "01 ej 3'00 
3. 27А *03 3'03 
4, 3'0 e.. 3°02 


Mean Diameter =3'0 cm. 
-. Radius of the bob=1'5 cm. 


———— Байынын 
ш 5 ; 
38 Length EA pene | Time for 20 oscillations Bert p^ 
pA * ree 3A |Pendu- овоШа- and 
@ & lum | ist set 2nd set| Mean | tion |(Period)* 
-| 
ош. em. om, вес. Bec, вес. sec, 
1 98'5 15 1000 | 410 412 4l1 2'005 | 24°87 
2 88'5 m 900 38:2 38:0 381 1'90 24°93 
8 788 ” 800 | 856 37'0 358 179 24°96 
4 705 » 720 | 840 34'0 340 110 24'83 
5 585 » 600 | 310 31'2 811 155 24 97 
б 525 » 540 | 292 | 296 994 147 24°98 
i 444 " 460 | 272 27:2 97: 1:86 24'81 
38'5 » 400 | 256 25°6 255 127 24°67 
9 39-5 5 340 | 934 93:4 984 117 24'84 
ag 265 » 980 | 21:3 21:2 918 1°06 24 92 
1 185 m 200 | 178 17:8 17:8 0'90 24°70 


A graph Showing the relation between the equivalent length J 
of the pendulum and the corresponding period of oscillation T has 


The last column of the table gives the ratio of the length of the 
pendulum and the square of the Period. For a given звао of g the 
ratio Т?“ is constant as is found from the equation of a simple 
pendulum. The ratios have been nearly constant within the limits 
of experimental errors, the average value being 24°86. The graph 
‘of 1 and T? which is a straight line ig shown in Fig 68. f 

Discussions—A measurement of equivalent Teach of simple 
pendulum correct to a tenth of a millimetre does not help accuracy 


i 


« which is half of the 
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in the result, firstly because the bob is suspended by a string which 
is more or less elastic. At the ends of the swing where the tension 
of the string is slightly less, the string contracts by an amount of the 
order of 0'1 mm. Secondly, because an average variation of length 
of a simple pendulum by 0°01 em. causes & variation of the period 
by about 0'005 seo. 321 

and at the end of 20 220 21 
oscillations, the total S, 
variation of the inter- Ẹ 4 
val is about 0'1 sec. 


20 


НАВ 


=: 19 


18 
17 


46 
15 
14 
1з 
12 
E 11 


smallest unit on the 
stop-watch. For this 
reason the length of 
the pendulum has 
been taken correct 
to а millimetre in 


each case. Hr т To 
The bob should ё,» i dy 
be made to oscillate = оаа наана uisu og 
1 8 E 1 
through a very small 5 Length of tho Pendulum, 1 small div. =1 om, 
& 


arc in a® vertical 
Plane, If it oscillates Fig. 67 1—Т Graph of a Simple Pendulum 
in an elliptical path, 


its time period is increased and hence the equation is not satisfied. To 


avoid the latter effect there should be no spinning or jerky motion of the 
bob at start. The small friction of the string at the point of support, 
the viscous resistance of the air on the oscillating pendulum and the 
violation of amplitude restriction specially for smaller lengths of the 
pendulum are the principal sources of errors in the experiment. 


Date— EXPERIMENT 26 

rmine Graphically the Lengths of a Simple Pendulum 
Beets beating seconds and half-seconds 

—A pendulum beating half-seconds in one whose period 
ig M ы vr a pendulum having a period is of two seconds is 
called a seconds pendulum. In any case the period is given by the 


general relation, EFT 
sus 
g 


whe , l and g have their usual significances. 
ЕТЕШ same as those of Expt. 95, 
Procedure—The same as that of Expt. 25. 

— samo as that of Expt. 25; 1—1 graph should be 
tw erem to the graph it is found that the length of simple 
Pendulum having a veriod of 2 sec. is approximately 695 51 ‘Since 
the smallest division of the abscissa represents a length of 1 cm. any 
fraction of this unit is to be measured by eye-astimation. Similarly, 
the length of the pendulum beating half-seconds is 25'0 om. 
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Diseussions—The acceleration due to gravity at Calcutta is 
known to be 978 cm/sec* and applying this value of g in the equation, 
the length of the seconds pendulum is found to be 99°3 cm. and that 
of а halt-second pendulum 24'8 cm. The percentage of error in the 
former case is O'I% and while in the latter it is 08%. This 
supports the view that the measurement of smaller quantities usually 
involves a larger amount of error. The principal sources of errors 
are like those of Expt. 25. 


Date— EXPERIMENT 27 


To Determine the value of g at (Ca!'eutta) with a 
Simple Pendulum 
Theory—The period T of a simple pendulum is related to it 
equivalent length J and acceleration due to gravity g ab the place 


observation by an equa- 
tion of the form.— 


те", 


Apparatus—The 
same as those of Expt, 
925, 


Procedure—The 
same as that of Expt. 
26. 


Results—A similar 
Fi tabulation as that of 
Js 68 Expt. 25. It is pre- 

ferable to give the graph of L—T* hero instead of I—T. Since 
the graph of 1—T* is straight line passing through the origin, 


(Big. 88). The average value of //T? as calculated in the experiment 
is 24'86 cm. per sec?. 


20 30 40 50 60 70 80 90 100 
Length of the Pendulum. 1 small div.=1 cm. 


(098) [`0 = "Arp еш | 'porioq Jo oaunbg 


Therefore g= 42 di 4X 914? x 25/86—980 em./sec.? 


Discussions—The same as that of Expt. 95. 


The average value of //T?, as found from calculations is 24°86 
cm/sec. - The largest „variation from this mean value is 94'98 on 
the high Side and 24°70 on the low side. Tho variation is about 
14 om[aec.? on the average. Hence the percentage of error is 


14 
^ gare х 100="5% nearly. 


EXERCISES 
4 m. Determine graphically tho period ot a simple pendulum of a length of 


2. Datermine the period of a simple cm 
J pendulum of tha length of 5 . 
8. How it is possible to determine the length of a pendulum for an 
inaccessible point ? 
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ORAL QUESTIONS 


What is the nature of the motion executed by a simple pendulum? Define 
and amplitude of а simple pendulum? Why should the 
amplitude of oscillatlons be small ? What is the equivalent length of a simple 
pendulum? Does the poriod alter if the apparatus is taken to а different locality. 
and how? What isa seconds pendulum ? A pendulum clock is going slow, how 
would you correct it? Why should you take а large number of oscillations in 


unit of acoleraticn ? If two unequal masses аге а 
th in the same time? If so, why ? 


Date— EXPERIMENT 28 
To Meature the Acceleration due to Gravity. using a 
Spiral Spring 
m, hanging at the end of a very light spiral 
little vertically downwards and then released, 
d down simple harmonically having 


Theory—If masa 
spring, be displaced & 
it would continue to move up 8n 
a period T, where 


tear AJ load placed ke Je 
гевбог k 


ing force per unit extension 


But k=Lg where L is 
the load in grams to produce 
unit extension. 


Then T=27 Je 
g 


If however the maes of 
the spring say M, be taken 
into consideration, then the 
periodic tine is given by, 


AN whence 
Lg 


па imm, tM 
Lg Lg 


Apparatus—A вр iral 
spring about & metre in 
length suspended from. а 
rigid support and carrying а 
horizontal pointer at the 
lower end, а light scale pan, 
a ecale vertically fixed behind Я 
the spring. & weight box and a stop watch. 

Procedure—lIf the mass of the scale pan is not supplied. take: 
out the scale pan and weight it in a balance to the nearest decigram.. 
Lot its mass be w gm. Thon suspend the scale pan from the spring 
and when the pointer is steady, take the reading of the pointer with 
reference to the scale attached (fg. 69), Assuming the pan to be the 
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dead load on the spring, this would be the zero reading. Then add 
some ‘weights’ from the weight box until the spring elongates by 
about 2 cm. and take the reading of the pointer. Increase the load 
on the pan by equal amounts four or five times and take the read- 
ing of the pointer for each increment of load. The maximum load 
should in no case exceed the limit indicated on the apparatus. 
Tabulate the observations as shown in results and get the value of 
the load in grams to produce unit extension. 

Next put a little load w, on the scale pan from the weight box. 
Then thr total load on the spring is W, +w=m gms. Now displace 
the scale pan vertically down through а distance of about 2 cm. and 
then release it. It is found to oscillate up and down with simple 
harmonic motion. Measure the time for 10 swings in exactly a 
similar way that is followed in a simple pendulum experiment. 
‘Change the load by some known amount three or four times and 
find the time for 10 swing: each time. Tabulate the observations 
as shown in Results and draw another graph showing the variations 
of m with corresponding T*, where T represents the time period 
for a single oscillation corresponding to a load m on the spring (fig 70). 

Results— 


The maximum admissible load including the scale pan, as was 
indicated on the instrument = 350 gm. 
Mass of the scale pan and the pointer =62 gm. 


Maximum load used in the scale pan | —200 gm. 
GV cU D ан а ЖЕШ, TNR 


Load in Pointer Load per Mean load 

о. 1 

Bastions scale pan | Reading e unit extension | per unit 
gm. em. gm. gm./cm. 

1. 0 70'20 0 

2. 50 74°85 4°65 107 

3. 100 79°50 9'30 10'65 107 

4. 150 84 20 14'60 10°84 

б. 200 83°90 18°70 10°65 


^. Load per unit extension=L=10°7 gm. per em. 


No. of Load with Zone dot 10) eying Period | Period? 
Readings | 8040 pan |— sec, sec? 
gm. sec, | see, Mean. sec. 
1 100 84 | s5 845 '845 73 
2. 150 96 96 9'6 "960 92 
8. 209 105 104 10°45 1°04 1°08 
4, 250 113 13 113 13 128 


Ser ae E ТТ ЭЎ 


2 
From the graph Oo fM 


Jf ОВ is drawn parallel to the load axis, then tan Z BoA - fr 
| g 
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AB 128-50 `78 

Now tan ZBOCA from graph= === 725 ——— —- 
копа} prar p SIR" dag] 

5 4т" 4x3'14? х 208 

Sg Lr” 107x78 =982 cm/sec.” 


Discussions—The successive loading of the spiral spring should 
be such that the extension is proportional to the load, otherwise a 
permanent distortion of the spring would be brought about by too 
much loading and the expression for the time period as given in 
thoery would not be satisfied. 

The pan attached to the spring should be light and small. A 
pan of large diameter would damp the oscfllations too much and а 
large number of oscillations may not be obtained. The extension 
of tbe spring by a scale and pointer may be read correct to half a 
millimetre and so this method of measuring g has an accuracy not 
greater than that of a simple pendulum experiment, 


Drawing of Capillary Tubes . 

A glass tube of medium bore and of length of about a metre is 
taken. It is washed througly with dilute hydrochloric acid and 
then with caustic soda solution. Finally, tap water is run through 
the pipe to remove sll traces of impurities. The gless tube is then 
dried by passing a current of hot air from a blower. 

The glass tube is then cut into four or five equal parts by a file. 
A fish tail burner is lighted and any one glass tube, being held by 
fingers, is taken over the flame so that its middle part is heated. 
While the tube is heated, it is slowly rotated about its length so as 
fo ensure uniform heating at its middle regiou. 

When the middle part becomes soft, the tube is taken outside 
tho flame, held vertically and pulled steadily lengthwise. It is found 
to be constricted at its middle part. After the the tube is cooled, the 
capillary part of tbe tube it cut by a file, In this way a number 
of capillary tubes are drawn. The best capillaries for work on 
surface tension are those having circular cross-secton and having 


а bore between ‘5 to 1'5 mm in diameter. 


Date— 
To Measure the Surf 


EXPERIMENT 29 

ace Tension of Water by Capillary 
Tube Method. 

ter rites fo а height of сш. within a vertical 
ternal radius r cm, then the surface tension T of 
is given by, 


Тһеоту— wa 
Capillary tube of in 
Water at that temperatur! 


T =5rPg (+з рег сш. 


Where p=density of water at that temperature and g=acceleration 
Че to gravity. 
i hin glass plate 
A — A few drawn glass capillary tubes, & t 
b аррагаша ы m ob, a glass trovgh, a vernier microscope, & steel 
Pointer and a small quantity of paraffin wax. 
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Procedure—Draw five or six pieces of capillary tubes, having а 
probable diameter variation from ‘5 to 15 mm. From the uniform 
part of the capillaries so drawn, choose about 10 om length of each 
tube and break its ends by pressure of finger tips or by & fine file. 

Take a thin glass plate P about 10 cm. Jong and 2 cm, in width 
(Вв. 72). Now place the cspiliary tubes tranversely on the glass plate 
about 1 cm. apart from eaca other, so that the ends of the capillaries 
are fairly ina line projecting above and below the plate (Fig. 79). 
Tho tube must be placed parallel to each other. Get a straight. steel 
pointer about 10 cm. long and place the pointer parallel to the tubes 
so that one end of the pointer is a bit aboye upper ends of the 
tubes. Then fix the pointer end the tubes to the glass plate by 
dropping molten paraffin wax. 


1 
Fig. 71 Fig. 72 Fig. 73 


Now fix the plate over a trou i i 
1 gh filled with water in such & way 
that the Pointer and the &ubes are held vertically and the end of the 
bun Just touches the surface of water, when ends of the capil aries 
would already lie within water. Oheok the verticality of the pointer 


with a pl i 3 ; 5 М rode 
ae КОЗДО. Water is found to rise to different heights within 


mc nme eint count of the vernier attached to the microscope. 
e Бу of the microscope horizontal and focus its crosswires 
me 2 RA Now focus the pointer and raise the microscope 
Ho orto ed d s and Pinion arrangement until the image of the 
alind dl oier ouches the horizontal cross-wire (fig. 73). Take the 
eral css attached to the vertical scale. Two or three 

g3 for this Position are to be taken for separate adjustment 
ER ү Е. decimals in ems. Take similar readings for the 
bye s of water within the capillary tubes. The meniscus of water 
soral within E tube is concave but it appears convex through the 
Poo eno ап MET be, mide tangential to the surface 
Should be taken each time either КАШЫ 3 lue Mee poiius 
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у Then break each capillary tube at the region of water level 
with a fine file and place the tubes in a horizontal position with 
broken ends pointing towards the microscopa objective. Then focus 
microscopes against a tube when its round section is seen in the field 
of view, Measure the horizontal diameter of each bore with the 
horizontal scale and the vertical diameter with the vertical scale of 
the microscope stand, Take three readings for each diameter. 
Lastly measure the length of the pointer with the microscope and 


note the temperatura of water. 


Reults— 
.....Vernier divisions=...main scale divisions 
main scale division = ...... em. 


.. leash count of the vernier=......cm. 


 ———— 
i i Base Height 
Main еш Total Mean reading of water 
om. cm. of pointer columns 
em. om. 
cm, cm. 
Top of ex | 
Pointer vet m" 59 
Tube 1 { vee as ed aie eee 
"Tubo 2 [ 23 A uo feo 
Tubo 8 { = Е m 
П е 0. | 
Diameter of Tubes— 
Horizontal Vertical Mean 
| em. 
М8. V.S. Total | M.B. V.S. Total 
cm. 


cm. 


иен. [Дк р ЖЕЕ esatto T 
me: Це 2 Erri 
Tube 3 { M WT т га ON Ee | e.. 


ИНИН РЕР ы, 

Hence T=......ab room temperature. 

Discussions— The water used in the experiment should not 
be distilled water, since during distillation process vapour of water 
comes in contact with various tube joints having wax sealing and 
is thereby contaminated. Tap water should be used. Capillary 
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tubes selected should be of round cross-section and must be placed 
vertically. 


When the capillary tubas are fixed on the water surface, water 
may not rise up within the tubes to the reqnired heights due to 
stickiness of air bubbles. For this reason slight tapping of the 
tubes may be necessary. It is experimentally found that tubes 
having diameters of ‘5 to 1 mm. give best result. 


ORAL QUESTIONS 


What is surface tension? Why do yon uso capillary tubes in measuring 
surface tension ? What is the effect on your measurement if tho tubes become 
greasy? Why do you fix up the capillary tubes vertical? Why should the tubes 
be of circular sectlon? Can you give а few common illustration of the offeot of 
surface tension? What is the effect of temperature on surface tension? А drop of 


water and little quantity of mercury are placed on a horizontal glass plate. Explain 
their nature of shape. 


Moment of Inertia—The idea of the moment of inertia is 
derived out of rotational motion of a body about & given axis. Let 
the body bs imazined to ba composed of n number of particles of masses 
M1, Mg, Mg...my, (п being taken to be very large) and let the dis- 
tances of the particles from the axis of rotation be 71, fa, Ta... 
The the moment of inertia Ja about the given axis of rotation is 
given by the summation of each particle multiplied by the square of 
its corresponding distance from the given axis. That is, 

Moment of Inertia about the given axis 

—Ia7m;,ri*- more? + marg? + + ++ mpra? = Sy? 


(For a detailed study vide Basu and Chatterjeo's Intermediate 
Physics, General Physics. Art. 43 and Appendix). 


If o be the angular velocity of a body, its angular momentum 
about the given axis is Іхо where Ja is the moment of inertia 
about the given axis. If the angular velocity changes with time, 
such a change is due to the effect of a couple or а torque acting 
on the body. The torque F is given by, 

do 
=J 22 
“dt 
where do/di denotes the rate of change of angular velocity with 
time. It however the body rotates with a constant angular velocity 
w, the kinetic energy of the body is given by, 


K.E-1,5. 


It is to be remembered carefully that the value of the moment 
of inertia depends upon the distribution of mass around the axis of 
rotation. If for the same body, the axis of rotation is changed, 
the distribution of mass around ig new axis of rotation changes, and 
so the value of the moment of inertia would thereby be altered. 


The unit of the moment of inertia in the C.G.B. system is gm. х cm,” 
and in the F.P.S. system it is Ib. x ft.?, ? PrE en RRE à 
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Radius of Gyration—The point of gyration of a bedy with 
respect to а certain axis is defined to be an imaginary point with 
respect to that axis, at which the whole mass of the body is supposed 
to be concantrated. In the expression for the moment of inertia, if 
we put Smr*=Mk* where M denotes the mass of the body, then Ё 
is called ibs radius of gyration with respect to the given axis. If 
the axis of rotation changes, the radius of gyration would take a 
ditferent value, even if the body remains the same. 


Moments of Inertia of Symmetrical bodies—The moment of 
inar&in of symmetrical bodies can be found theoretically from а 
knowledge of their volume, shape and density. The following are 
the values of moments of inertia of a few symmetrical bodies. 


1. Uaiform rod of mass M and of length 7 about an axis perpendicular 
to ita length and passing through its centre of gravity (Fig. 19-17. 


2. Uniform rod of mass M 
and of length J about an axis 
perpendicular to its length and 
passing through. its end (Fig. 75) 

М! 


8 
3. Reotangular thin plate of 


Fig. 74 Fig. 75 
mass М and of sides a and b about an axis pasting through its centre 


Я а 
and parallel to the side of length b (Fig. 18) = Ма ; also parallel to 
з . 
the side a (Fig. т)- ХУ. 


4. Rectangular plate of 
mass М and of sides a and b 
about an axis.passiog through 
its centre and perpendicular to 

$ a? 4 p? 
the face (Fig. 73) = M: Та” 

5. Circular disc of mass 
M and radius 7 abont any 


: 2 
Fig. 77 diameter (Fig. в) M7. 


Getta Жыш ы® 


Fig. 16 


6. Circular annulus of radii 7; ond fa and of mass M about 
M 
8 diameter — uu orn 


7. Circular disc of mass M and radius 7 about en ахі raceing 
through its centre and perpendicular to the face (Fig. 79)= Ба 


P. P./8 
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8. Circular annulus of radii 7, and rg and of mass M about 
an axis passing through its centre and perpendicular to the face 


T ine trs) 


Fig. 78 Fig. 79 Fig. 80 
9. Circular disc about a tangent = 5 Mrz?. Р 
10. Right circular solid cylinder of mass M and radius ғ about 


2 
its axis (Fig. 80) =e : 
11. Circular annulus about a tangent e P (ir, ? +134), 


12. Thin spherical shell about the centre = М7, 
18. Thin spherical shell about the diameter =$ Mr, 


Fig. 81 


Fig. 82 Fig. 88 
14. Thin spheries! shell about а tangent =5Mr?, 
Solid sphere about the contre =$Mr?. 
16. Solid sphere about a diameter \Fig. 89) = 3Mr*. 
m Rou pase about a tangent = 2M»?, К 
18. A solid cone of base radius r an its axis 
CEDERE. and of mass M about its a: 


Date— EXPERIMENT 30 
To find the Moment of Inertia of a Body about any Axis, 
Theory—The moment of inertia 


of & body about any axis is the 
sum of the product of elementary Чч ü 


masres composing the body and 
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Ghe square of their respective distances from the axis. If I be the 
moment of inertia, then I— Zmr?. 

Liat І, be tha moment of inertia of a horizontal circular disc with 
Components about в vertical axis of suspension, c the torsional 
couple of the suspension wire for а twist of one radian and То the 
time period of rotational oscillation of the disc with components, 
then for small oscillations, 

cm 4 : 
To=2m,/12 or, го= Te хо EET) 
c 


4т 


Let І, be the known moment of inertia of a body about an axis 
through its centre of gravity. If this body be mounted on the disc 
with its centre of gravity coinciding with the axis of suspension and 
if T, be the time period of the combination, then 


2 
T, e ag / LoT or, th= xo (9) 
с 


From eqn. (1) and eqn. (2); 


a 2 | 
Lti = D. whence Io= aa тзп - @) 
о о 1 о 


This gives the value of I, the moment of inertia of the disc and 
components. Now let I ba the moment of inertia of another body 
about the given axis. If this boiy be placed on the disc with its 
axis coinciding with the axis of suspension (the known body -being 
removed) and if Ta bo the time period of rosational oscillations, then 


T. з 
T, 73e f Ao I or, Io tlac E 
Oombining ean. (4) with equ. (1), and then with eqn, (3) we 
got, 


2 m8 a m3 2 m3 
ya s xom Lens т-а og, Жыты 


4v? TA mo? 


Thus the value of I is obtained in terms of I; 

Apoaratus—The apparatus consists of uniform ciroular metal 
disc D having а concentric groove G cut on its surface (Fig. 84), 

Three or four ban’ pieces R of iron or lead rods of equal length and 
fitting into the groove are provided (fig. 81a). Two thin identical metal 
rods are fixed vertically being equidistant from the centre of the disc 
ani normal to the зогѓасэ. A uniform horizontal rod forms the cross- 
Piece of the rods. Oae end of a fairly stout wire is soldered to the 
mid-point of the oross-piecs and its other end is fastsned to a rigid 
support B. A mirror M is sometimes attached to the lower end of 
the wire. Two spirit levels are fixed on the diso with their axes at 
right angles to each other and at such distances ns not to disturb the 
centre of gravity of the suspended disc. A very light pointer ig 
Sometimes provided with the disc (not shown in the diagram), 
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Another type of moment of inertia apparatus is sbcwn in Fig. 85. 
It differs frem the previous apparatus only in its metbcd of svrpen- 
sion. Three thin rods, fixed 
with tbe di-c, come to a joint 
whence the suspension wire 
starts. 


Procedure— Slide the bent 
pieces through the groove and 
aojuct sheir positions £to that 
the spirit levels indicate that 
the disc is horizontal. If the 
&pp:ratus is proviced with а 
pointer, fix & plumb line or 
a vertical stand against the 
pointer. If, on the otter 
hand, a mirror is attached, 
make a light and scale arrangc- 
ment. 


Turn the table through a 
small angle and release it, во 
Fig. 84 Fig. 85 that it makes rotational otcilla» 
tione. If any linear oscillation is noticed, softly bold the surpersicn 
wire to stop euch lintar svinge. Now as tbe pointer mover past 
vertical mark ір а certain direction, start the clcck and mesture 
time for 80 oscillations, Take three sreb observations ard terce 
find the mean pericd of в +ігріе orcillaticn. Let the valre te To 
вес. lf on the other bard, there is the light sd cele BDITEOD(IÉ, 


ihe fpct of light oscillates cn the scale. In a similar mapper, count 
time for 30 oscillations. 


Take в right circular cylinder ard weight it in a balance. 
Measure its ciameter with a де callipers at 2 cr 3 different places 
and at every place mratvre two recte tular djan etes, From such 
data, calculate the moment of inertia of the cyhrder. Let it Бе I. 
Now Place the cylinder central у over the dive in euch в vay that 
the spirit levels indicate correct lexvellir g. The cylircer hes been 
placed coraxially, Then turn tbe table tbyovib a small вгріе srd 
release it, Measure the time pericd of orcillaticne accodirg to the 
Cirectione given in the precedirg jaragiayh. This given Ty кє, 


Hence irom egn. (3), calculate the mcment of irertia cf ibe diie ard 
components, which is lo. 


Take out the eslinder and place the Роду under exemirsticn on 


the diso with its centre coinciding with the given aris of the bodye 
If the given sxir does nct coincide with the centre of gravity of the 
body, the bent pieces would bave to Fe slided thicvgt the gicove to 
obtain balence of the dire with the body; tbe baleree is to ke 
checked with the spirit levels. When the balance is oktsined, 


measure the time period of oreilistiors by а methcd ав given 
previously. Let this time period be ma У Ps А 
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Resilts—/A typical set a data is given here) 

Maas of tne given oylinder (iroa)=(i) 376 70 gm. (ii) 376°71 gm. 
(i) 37568 gm. 

'.. Maan mass = 376 70 gm. 
Diameter of the cylinder=(i) 401 em. (ii) 401 ош, (iii) 400 em. 
400 cm 399 cm, 4°02 om. 

(For Tybulation with vernier oallipers, vide pp. 30) 

Tae mean radias of the cyliader=2 om. 

.. Moment of Inertia of the Oylinder about its axis І, 


= STE = 7584 gm. om.*. 


Time Period observations. 


тока ой Tum - for 80 oscillations Mean Hine Time 
Disc and for 80 oscillations Period 


(i) (ii) (vit) x Вес. 
components Bos. Bad: Beo. Bro. ес. 


——— L 


Nil 93 6 935 98'6 93°6 $12=T, 

Oylinder 1207 1906 1206 1206 402=T, 

A rectangular | 109°2 1091 1091 109'2 864=T, 
rod 


The moment of inertia of the disc and components 
Ie- 509. 

402° – 3712" 

The moment of inertia of the body about the given axis 


x 753°'4=1141'3 gm. om.*. 


*e49..2'199 
1-964 -9 9 11413 = 4192 gm. om., 
3°12 

Discusstons—Cire must be taken to вез that during torsional 
o1oillabioa3, thera is по linear swing of the apparatus. Too angalar 
oisillatioas should be small, аз otherwise the expression for the tima 
pariod will not hold. The angalar oscillations should not Ба toa 
small, sinca in such & сазе it b:eomes difficult to count the osoilla- 
tions and the time for а given number of swings. 

Таз suspension wire can bear a safe limit о! weight. The load 
placa] must Ье lass than tnis limit, Toe monent of inertia of the 
diso with ooup2312361 should ba equal or less than the moment of 
Inartia to bə found for а more accurate experiment. Hence To 
should have a small value. М 


*ORAL QUESTIONS 


D38üae momat of inertia. Whit ts tha ralias of of gyration? What for are 
the plasa: of baat eod; within ths groova of sha apoaratus? What is tha usa of 
the spirit leval? Tt tha dixo is not helanced ho-izsatally, would bs moment of 
балець orange? Why? DOissingaish batwarn rotational aad rineac oscillations. Wil 
а disala nit of bant roda aroiad the geoove alter the tims perlod of ro;ationak 
oscillations ? 


OHAPTER III 
EXPERIMENTS ON HYDROSTATICS AND PNEUMATICS 


Archimedes’ Principle 


Almost all experiments on Hydrostatics work directly or indirectly 
upon Archimedes’ principle which states that— 


When a body is immersed eher wholly or partly in a fluid ai 
rest, it appears lose a part of its weight which is equal to the 
weight of the fluid displaced. 


: To verify the truth of this principle a body euch as а piece of 
stone is ordinarily weighed in air and then in any other medium, such 
as water. The mass of the body in water is found to ke always less 
than its mass in air. The difference of these two masses would be 
equal to the mass of water having a volume equal to that of the 
body. In order to weigh a body in water a hydrostatic balance is 
commonly used. 

Hydrostatic Balance 

It is an ordinary physical balance with some modification (Fig. 86), 
A small, table T is placed on the base board over the left pan во 
as not to. touoh it. The height 
of the table is such that when 
the beam is raiced, the pan can 
freely swing beneath ib. 

To find the mass of a body in 
air with this balance, one end of 
& piece of fino thread or horse hair 
of а suitable length is fastened to 
the left stirrup and its other end 
is left free in air. The nut screws 
are then adjusted ко that the 
pointer oscillates equally with 
empty pans. Then the body B, 
Fig. 86 which is to be weighed, is tied 
Jan ШО ШАД free ks of the Nor ne 

1 wn in the figure. en suitable weights 
are placed on the right pan till, on making the balance free, equal 
© Pointer are obtained on the coale. The mass of 


without touching the walls, 


Water i 
beaker until the body lake ater is then lowly poured irto tke 


Pletely immersed. Suitable weights are 
an to counterpoire the Ьсду ; the equili- 


М Pointer в i i 
to rest atthe middle the scale. ymmetrically oscillates or ccmes 
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Date— EXPERIMENT 31 


To Verify Archimedes’ Principle for completely immersed Bodies 
Theory— When в body is immersed in a liquid it appears to 

ee part of its weight which is equal to the weight of the displaced 

iquid. 

Apparatus—A hydrostatic balance, а displacement jar, a glass 

beaker and heavy insoluble body such as piece of metal. 

Procedure—Raise the beam of the balance by turning the key 
and observe the oscillations of the pointer. If unequal oscillations 
are found, adjust the balance according to direction as given on p. 61. 

Take two pieces of string or horse hair of equal length. Tie the 
metallic body with one piece of string and suspend it from the hook 
of the left scale pan, so that it hangs in air. Put the other string on 
the right pan. Place suitable weights by repeated trials on the right 
pan to counterpoise it, This gives the weight of the metal piece in 
air, Take two such readings of the weight and find the mean value, 
Lower the beam on the stirrups. 

Next place the rider table so as nob to touch the left scale pan 
(vide Hydrostatic Balance). Роб a glass beaker, on the rider table, 
such that the metal piece is within the beaker but not touching its 
sides. Slowly pour water within the beaker to such a level that the 
body is completely immersed. 

Moaasure the weight of the body in the completely immersed position, 
Take two such weights and find the mean value. The difference 
of the mean weights of the body in air and in water, according 
to Archimedes’ principle, gives the mass of water displaced. 

Throw away water from the glass beaker. Dry it as completely 
as possible and then weigh it in the balance. Fill the displacement 
jac completely with water and when water stops trickling down the 
spout, place tha glass beaker under the stem of the jar. Tie the 
metallic body with a piece of string and slowly lower it into the jar 
so as to be completely immersed. Carefully collect all the water 
running into the beaker. Then weigh the beaker with water in the 
balance, The difference of these two weights gives the amount of 
water displaced. Collect the water from the displacement jar three 
times and take the weight of water displaced each time. Take the 
mean of such observations. It is found that the difference of the 
mean weight of the body in air and that in water is equal to the 


mean weight of water collected. 


8. ө 


Results— 
No. of Мао! Lm mA Mean cena of c } Меап 
readings | in air | in water oaker | collected 
gm. gm. gm. gm. gm. gm. gm. 
1. 1828 e = 2°19 
9, у 1608 SH 2:90 | ES 220 
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Diseussions—The experiment cannot be done with в liquid in 
which the material of the sinker is soluble. If an attempt be made 
fo weigh a piece of alum in water, alum will continuously go into 
solution and a correct weight will not be obtained. In this case the 
solid will have to be weighed in a liquid in which it is insoluble, 
Porous bodies cannot be correctly weighed in any liquid due to 
Presence of air bubbles within it unless special precauticrs are taken. 
It is ofsen difficult to get oscillations of the pointer while the body is 
within the liquid. In this case the resting point of the rointer is 
to be observed. 

EXERCISES 


1. Determine the volume of a given solid by Archimedes’ principle. 


2. Determine the density in gm. pasar c.c. of the given solid by applying 
Archimedes’ principle. 


Date— EXPERIMENT 32 


To Verify Archimedes’ Principle for partislly immersed Bodies 

Theory—When a body floats on a liquid, the weight of the body 
is equal to the weight of liquid displaced by the body. 

Apparatus—A physical balance, a displacement jar, a glasa 
beaker and a piece of solid (say wood) which floats on water. 

[A description of a physical balance and that of a displacement jar aro 
necessary here.] А 

Procedure—Take three sets of readings for the mass of the piece 
of wood and find the mean mass. Dry the beaker and weigh it three 
times in the balance. Find the mean weight of the glass beaker. 


) Bill the jar completely with water and wait till water stops 
trickling down the spout. Now Place the beaker under the spout 
and slowly place the piece of wood on water within the jar. Some 
water is found to ba collected into the beaker and wait until the 
last drop of water falls into the beaker, 

Weigh the beaker with water in it. Repeat this water collection 
Precedure three times, weighing the beaker each time. Take the 
mean of these weights. The difference of the two mean weights 


gives the weight of water collected. Now tabulate the readings 
as below :— 


Results — 
Mass of 

No. o Mass of Mass of 

Readings 1009 Mean ANA Mean | Beaker | Mean | water 
E & water collected 

; em em. gm. gm. gm. 

D e AR E SA nid 

8. . х4 em 


Diseussions—Care must be taken 
very slowly so that the water вогѓас 
otherwise some more water would trickl 


fo place the body on water 
e is not disturbed much, as 
Ө down from the jar making 
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the result inaccurate. Accumulation of air bubbles on the body or 
inside it would vitiate the result too much. In taking the weight of 
beaker and water contained in it, the beaker should be dried every 
time а fresh геваірр is taken. 


Date— EXPERIMENT 33 

To Verify the Law of Reaction with a Hydrostatic Balance. 

Theory—According to Newton's Third law of Motion, action 
and reaction are equal and opposite. When body is suspended 
in a fluid, its apparent weight is equal to the difference of its real 
weight and the weight of the fluid displaced. The body thus presses 
the fluid downwards. This is the acting force. By law of reaction, 
the body is also pressed upwards by the fluid, the reacting force 
being equal to the acting force, 

Apparatus—A_ hydrostatic balance, weight box, wooden bridge, 
small light glass beaker, round marble with suspension hook, some 
thread, в given liquid, a vertical adjustable stand. 

Proc+dure—Suspend the ball by a suitable length of thread, 
from the suspension hook of the left pan of the balance so that it 
hangs in air alittle above the pan. Weigh the ball as usual in air 
correct to the nearest centigramme. Take two separate weights 
and find their mean, say W, which gives the mass of the ball in air 
Lower down the beam. 5 

Now place the bridge over the left pan so as not to touch it and 
place the beaker on tha bridge so that the ball is well within the 
beaker, care baing taken that the ball does not touch any side of 
the beaker or its bottom. Oarefully pour the liquid into the beaker 
unti the ball is completely immersed (Fig. 87 a). Measure the 
mass of the ball in liquid to the nearest centigramme, Make two 
measurements and obtain the mean value Wa. This gives the mass 
of the ball in water. The difference 4 
of W, and Ws gives the upward 
force (thrust) on the ball in tbe 
liquid. Lower down the beam and 
remove the bridge. 

Carefully take oub the ball from 
the liquid so tbat no liquid is 
spilt out from the beaker. Untie the 
thread and remove the ЫР Mà 

lace the beaker with tbe Паш а 
on the left pan and find its mass (a) Fig. 87 (b) 

(Fig. 87 b) Таке two readings and find the mean Ws. Lower 
down the beam, 

Finally suspend the ball from the stand and gradually lower ib 
into the liquid so as not to touch any side or the bottom of the 
beaker. Measure the mass of the combination, Take two readings 
and find the mean We» It would be found that Wa is greater than 
Wa and that Wa4— Ws Wi - Ws, which verifies the law. 
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Results—By way of illustration, 
Mass of tha ball in air=(i) 10°46, gm. (ii) 10°46 gm. 
-. Mean mass=10°46 gm. 
Mass of the ball in kerosene=(i) 7°12 gm. (ii) 7°13 gm.; 
Mean=7'12 gm, 
-. Upward thrust on the ball=10°36—7'09 =3°34 ‘gm. 
Mass of the beaker and kerosene=(i) 47°42 gm. (ii) 47°43 gm. 
Mean=47'42 gm. 

Mass of beaker, kerosene and suspended ball=(i) 50°77 gm. 

(ii) 50°76 gm, 
Mean=60°76 gm. : 

Downward thrush due to immersed ball=50'76 — 47°42 = 3'84 gm. 

Discussions—Same as preceding experiment. ў 

Density and Specific Gravity 

If equal volumes of different substances are weighed in a balance, 
they are found to have different masses, The mass per unit volume 
of a substance is called its density. Hence substances have got 
different densities. The density of a substance is expressed in 
О. С. S. units as grams per cubic centimetre and in F, P. S. units as 
pounds per cubic foot. The mass of 1 o.c. of pure water at 4°C is 
1 gm. and so the density of pure water ab 4°O is the unit of density 
in the O. G. S, system. 

The specilic gravity of a substance is the ratio of the weight of 
any volume of the substance to the weight of an equal volume of 
some standard substance, This standard substance in oase of solids 
and liquid is taken to be pure water at 4'O and in саве of gases 
hydrogen at normal temperature and Pressure. The specific gravity 
being the ratio of two weights is a pure number having no dimension 
and is independent of any system of measurement. 

The 'ratio of the mass of apy volume of a substance to the mass 
of an equal volume of water at 4'O is the same as the ratio of the 
mass of unit volume of the substance to the mass of unit volume of 
water аб 4^0, Hence specific gravity may be defined as the ratio,— 

Densitv of anbstanos 
Density of water аз 4°O 


For this reason, the Specific Gravity is often called the relative 
density. If p is the density of a substance. S ita specific gravity 
and р, the density of water, then, S=p/p.. 

The value of p, in the C. G. 8. system is 1 gm. per co. Thus 
the specific gravity of a substance in this system is numerically equal 
to its density. For example, if the specific gravity of a substance is 
25, then its density is 25 gm. per o.c. In the F. P. S. system ру is ` 
equal бо 62°43 Tb, per eu. ft. at 4°0, Hence density of & substance 
on this system is the product of the specific gravity and 62°43 Ib. 
per cu. ft. 

Temperature Correction—In an experiment to determine the 
specific gravity, water at the room temperature is available and £0 
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the relative density of the substance under investigation with respect. 
to water at the room temperature is obtained. To reduce the value 
to the true specific gravity we have to take into consideration the 
density of water at 4°0. This may be done by the following way. 
neg of a certain volume of substance 


Specific Gravity = m 9 
mass of equal volume ої water at 2 (6) 


mnes of certain vol. of eubstanne , mass of equal vol. of water at 1^0 
mass of equl vol. of water at 10O mass of equal vol. of water at °С 
"Observed Specific Gravity x Density of water ab °C. 

Thus, on getting experimentally the value of apparent specific: 
gravity with respect to water at the room temperature 10, the 
density of water ab the room temperatdre is to be known from the 
Table of Constants. The product of the two gives the true specific 
gravity. 

It is to be noted that the apparent specific gravity and the true 
specific gravity ordinarily differ by less than 1% because the density 
of wat? varies by в very little amount for в moderate change of 
temperature. For this reason temperature correction of specific 
gravity is not necessary for ordinary purposes unless otherwise 


mentioned. 


Date— EXPERIMENT 34 


To Find, the Specific Gravity ot a Solid Body using 
Hydrostatic Balance 
Theory—It the mass of a body in air be M, and in water be Ms. 
then the mass of water displaced is М, – Мз. The observed specific 
gravity of the body at the room temperature is, therefore, equal to 


Mi 
Mi-Ms 
A hydrostatic balance, weight box, piece of marble, 
eaker and а thermometer. 


some thread, a b 
[Here the description of a hydrostatic balance is to be given here and a 
o drawn. ] 


aketch of tho apparatus is to b 
Procedure—Raise the beam of the balance by turning the key 
and examine whether the pointer oscillates equally on both sides of 


the soslo. If nob, make preliminary adjustments of the balance 
according. bo directions given on pP. 60 Tie the supplied piece of 
marble with a piece of fine string of suitable length and suspend it 
from the hook of the left arm of the balance, Weigh the suspended 
marble piece in air twice and find the mean value of the mass: 


Next placo the rider table above the left pan во as not to touch 
it and put а glass beaker on the rider table such that the marble. 
piece hangs within it without touching any side, Pour water slowly 
into the beaker to such level that the marble piece is completely 
immersed. Carefully examine whether any air bubble is sticking to: 
the undersurface or crevices of the marble piece. Tf any bubble. 


Apparatus—. 
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sticks to it slowly move the piece in water to remove the bubble.* 
In the immersed state, find the mass of the marble twice and find the 
mean value. Tabulate the data ani hence calculate the rerult. 
Take the temperature of water with a thermometer (if temperature 
«correction is necessary). 


Resultas— 


Mae oL Mass of | Observed 


No, ot Mass of displaced | Sp. Gr. 


A body in body in 
Headings air=M, | watcr=M, 


Density Mean 
of water | Cor.ected 


— t 24°C | Sp. Gr. 
M,-M, M,-M, ” А 


water M, 


gm, gm. gm. gm/c.o, 

15 p DE m 2'62 

2. s.. 850 5:26 ө *996 261 
8. 19774 e 229 ME 


Discussione—Some error is introduced as the thread increases in 
weight by soaking a little water when the body ів weighed in water. 
Ву using horse's mane in place of thread, this error would B6 elimi- 
mated. For a more accurate work, an equal length of mane or thread 
"may be tied to the other end of the balance beam. Care should be 
‘taken that the body, while in water, does not touch any side of the 
‘beaker. Any air bubble sticking to the sides of the body under 
water entails an error in the measurement of its mase. 

In ordinary method of weighing, an accuracy of mass upto а 
-centigram is obtained. Hence density of water, correct to 3 places 
of decimals, makes a correction at the second place of decimals of 
the observed specific gravity, 

Sp. Gr. of Bodies Lighter than Water 


Since bodies lighter than water float on it, their weights in 
water „cannot be taken directly. An insoluble heavy body, called в 
‘sinker is chosen such that when it is tied with the lighter body, the 
combination sinke in water. The mass of the sinker in water ie first 
‘taken. Lot it bs Wz. Next the mass of the combination in water 
is taken Let i&'be Wa. Then the mass of the lighter body in water 
is Wa- W,. 

It із to be noted that a li м 
upward thru t dne to e esie REM 2 то трата m 
"water is less than A 


the weight W, of the sinker in water. Hence W,-Wı 
which is the apparent weight of the ‘body in water is a negative quantity. т 


, Date— EXPERIMENT 35 
To Determine the Specific Gravity of a Solid lighter 
than Water using Hydrostatic Balance 


Theory—If the mars of а body in air be Wi, the combined mass 
of the body and sinker in water be W, and the masa of the sinker 
alone in water be Ws, then the mass of the body in water is equal 


* In caso a few bubbles stick to the immersed body, due to buoyancy of the 
‘bubblea the weight of the body would be legs. 
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to Wa—Ws. Hence the observed specific gravity of the body at the 
room temperature is equal to 

— Wi = Wi 

Wi-(Ws-Ws) Wi- а + Ws 


Apparatus—A hydrostatic balance, а weight box, piece of 
eork, а piece of brass, some thread, a beaker and a thermometer. 

Procedure—Raise the beam of the balance and examine 
whether the pointer o-cillates equally on either ride of the scale. If 
not, make preliminary adjustments of the bslance, Place the piece of 
cork on the left pan and weigh it as usual. Take three sets of 
readings for its mase and find its mean value. Tie it to the brass 
piece with a string and then weigh the combination in a similar way 
in water. See that no air bubbles are sticking to the combination 
in water. Take three such weights in water. If the body be porous, 
it should be hoiled in water, before takirg weight in water to get 
rid of sir bubbles. Finally, take the weight of tbe sinker in water 
three times ard find the mean. Note the temperature of water with 
a thermometer (if temperature correction is necessary). 


Results— И 
Weight of the cork іп air=(i)...gm., (i).gm. Mean W, gm. 
Weight of the combination in water =(i)..gm (ii)  ... gm. 
Mean We gm. 
Weight of the sinker alone in water =(i)...gm. (ii) ... gm. 
Mean Ws gm. 
“. Sp. Gr. of*cork at the room temperature = ya 


Temperature correction of the observed Sp. Gr. (if required) — 
Temperature of water = О. 
Density of water at 1°О as obtained from the Tablo =D; 
Wi 
5 саз ME EU 
;. Real Sp. Gr. of the cork W- W: We De 


Discussion—The same as of the preceding Experiment, 
Sp. Gr. of Bodies Soluble in Water 

If the substance under exemination is soluble in water a liquid ів 
to be chosen in which it is insoluble, Substances, which are scluble 
in water, are generally insoluble in oils, The relative density of the: 
substance with respect to the liquid is to be found exactly as that of 
Experiment 97. L 6-16 be Di. If the relative density cf the liquid 
with respeot to water be Ds (vice Expt 291. then the Sp. Gr. of the 
substance at the room temperature is р, X Dg as is evident from the 
following consideration. 


Date— EXPRRIMENT 36 


To letermine the the Sp. Gr. of a Body Soluble in Weter 
Theory —1t the relative density of а substance with respect to a 
liquid, in which it is insoluble. be D, and also the relative density of · 
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that liquid with respect to water be p, then the specific gravity of the 
body with respect to water is given by the product of D, and p. 
Apparatus—A hydrostatic balance, weight box, a beaker, & 
piece of alum, thread and some quantity of kerosene. 
Procedure—The given piece of alum is weighed in air. It is 
then weighed in kerosene [ for a detailed procedure vide Expt. 34]. 
The density of liquid р is supplied. 


Results— 
А Weight | Weight А Relative | Bp. Gr. 
Welght ot Shu of Relative Idensity of 
No. of of alum i displaced density Mean 5 alain 
Readings n kerosene | kerosene xu Density kerosene М,р 
M, |М,-М,| "7% Р М,-м, 
еа [ст жыл 
2 2 4'85 $5 202 | 202 | ова 1:66 
3 5 E "6 eee ase 


Discussions—The same as Experiment 34, 
Specific Gravity of Liquids 


To determine the specific gravity of a liquid, a solid body is chocen 
such that 16 sinks both in the liquid and in water and also it is 
insoluble in them. The body is firet weighed in air; lét it be Мұ. 
Then ib is weighed in the liquid ; let it be Me. It is finally weighed 
in water; let it be Mg, 

The weight of displaced liquid having a volume equal to that of 
the body is evidently M,—M,. Similarly tbe weight of the dis- 
placed ‘water having equal volume is M,—Ma. Therefore the 
specific gravity of the liquid is equal to 

wt of a volnme of liquid, M; — M; 
wt. of equal vol, of water М; – Ms 


Date — ` EXPERIMENT 37 


To Determine the Specific Gravity of a Liquid 
usiog Hydrostatic Balance 


Тһеогу—1 the mass of a sinker in air be М; gm., in a liquid 
be Ма gm. and in water ba Ms gm, then the specific gravity of 
the liquid is given by the expression. 

wb of a volume of liquid М-М, 

wt. of equal vol. of liquid Mı -Ms 


Apparatus—A hydrostatic balance, weight box, a piece of brass 
some thread, baaker, a quantity of turpentine oil. Н 


Procedure—The brass piece is first weighed in air, then in water 
and finally in turpentine oil [For a detailed procedure vide Expt. 34]. 


ВХРЕБІМЕМ15 ON HYDROSTATIOS AND PNEUMATICS 197 


Results— 
"- Mass of | Mass of Mass of | Sp. Gr. 
"8 Meses sinker in | displaced Ra displaced of oil Mean 
Z S |atr=M, aser water | oil=M. ol | M,—M,| Sp. Gr. 
@ =M, |M,-M, 2 |M -M, |M, -M, 
gm. gm. gm. gm. gm. 
1. ө 19 82 2 se. E 0'86 
2. 22'8 = 20°2 229 ve 0'87 
3. E oe 267 -- se xn 


Discussions—The same as Expt. 34, The weight of the sinker in 
water should be taken earlier than that of oil, for the simple reason 
that it is often troublesome to clear the beaker and the sinker of oil. 


Nicholson’s Hydrometer 

Tae word ‘hydrometer’ derives its name from Greek roots ‘hydor’ 
mesniog ‘water’ and 'me&ron' meaning to measure. Originally а 
hydrometer was meant to find specific gravities of liquids. But 
now-a-days this apparatus is also used to determine specific gravities 
of solids and liquids. It consists of a hollow metal cylin- 
der B connected at the top Бу.а short thin stem M. 
(Fig. 88), The stem carries а pan O and has got a 
round mark somewhere at its middle part. The lower 
end of the cylinder is connected to в conical piece L by 
a beat hook. The upper surface of the conical piece is 
shaped like а small pan so that a small object can be 
placed upon it. All the joints of the instrument are made 
water tight in order to prevent any liquid from entering 
into it. Suitable loads, such as lead shots or some 
quantity of mercury, is kept within the lower cone so 
that the instrument may float vertically on а liquid. It 
is a typa of constant immersion hydrometer because in 
all experiments it is immersed always in а liquid at a 
constant height up fo the mark on the stem. When the 
hydrometer floats on any liquid with a part of it 4 sub- 
merged, then the mass of the liquid displaced by ib is 


equal to the hydrometer. 
Date— 


EXPERIMENT 38 
To Determine the Sp. Gr. of a Solid using 
Nicholson's Hy drometer 
Theory—1t Wı be the weight necesary to sink the hydrometer 
upto the mark in pure water, Wa be the weight when.the body is on 
the upper pan and Ws be the weight when the body is on the lower pan, 


then the weight of the body in air = W, — Ws 


The weight of the body in water = W, — Ws 
Hence weight of displaced water = Wi — Wa (Ws — Wa) d 
—7Ws&-Ws 
Wi - Ws 


+, Sp. Gr. of pue at Room temperature “W.-W, 
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If necessary, в temperature correction of Sp. Gr. may be made 
by mubiplying the observed Sp. Gr. by the density of water at the 
room temperature. 


Apoaratus—Nicholson’s hydrometer, weight box, a jar with ap 
arrester and a piece of glass. 


Procedure— Take a tall glass jar and fill it with pure water to 
near the brim. Lower ths hydrometer slowly into water. It is 
foind to float vertically with the whole of the stem projecting beyond 
the liquid surface (Fig. 89) S-e that the hydrometer does not t.uch 
the sile of the jar nor any are bubble sticks to the hydrometer. If 
any air bubble is fouad, take out the hydrometer and rub gently the 
parts of its body with the liquid on which it is to flout. Place 
Suitable weights on the upper pan so as to sink the hydrometer upto 
the mark on the stem. Let the weights put on the pan be Wy. To 
avoid the risk Бла the hyd-ometer may “not completely rink by too 
much over.loading, place a glass plate having a slot cut in it at the 
mouth of the jar. The stem passes through the slot bub 
the upper pan is arrested by it. Sometimes a bent piece 
of wire is placed across the mouth of the jar ‘for the 
same purpose. \ 


Next put a emall fragment of a substance, of which 
the specific gravity is to be determined, on the upper 
pan and then place suitable weights upon it to sink the 
hydrometer upto the mark. Let it be Wa. Then reise 
the hydrometer from water and place the body on the 
lower pan and again float the hydrometer in water. 
Finally, with the body on the lower pan place weigbt on 
the upper pan to sink the hydrometor upto the mark. 

Fig. 59 Let it be Ws. Repeat the experiment three times and 
Calculate specifis gravity from each веб of observations. With & 


thermometer find the temperature of water and record the tem- 
Perature,. Let it be :?C. 


Results—Body under examination is a piece of glass. 


Body and Ba 
Tosd 3 y on 
No. ot ed aei Lo.d W, lower рап | SP Ө? | Moan 
Readings Den on upper Load W, on |—-—— —-.| Бр. Gr. 
paa upper pan Wa-W, 
ETT аж... rel 09 
à gm. | gm. gm. 
14 98 T54 1050 2'51 
2 ES T 58 250 9'51 
8 1499 S; 10:51 2:51 


-. Required Sp. Gr. of the given sample cf glass = 251 at (^C. 

DiscussiorS— The solid taken must not be heavy enough to sink 
the hydrometer more than the mark on the stem. The hydrometer 
should not touch the sides of the jar while floating, not any air 
bubble should be sticking to the hydrometer while measurement id 
made. Tne temperature correction cf the observed result may be 
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done, if required, by a method as previously stated. This method 
of measuring the mass of the body is less accurate than the 
hydrostatic balance method and hence the specific gravity as deter- 
mined is воЬјес5 to a greater percentage of errors. 

There is one advantage with this method in measuring sp. gr. of 
lighter bodies inasmuch as no sinker ie required to measure the 
weight of the bcdy in water. The lighter body is tied to the lower 
pan with thread and its weight is measured in the usual way. 


Date— EXPERIMENT 39 


To Determine the Specific Gravity of a Liquid 
using Nicholson's Hydrometer 


Theory—It the weight of a Nicholson's hydrometer in air be 
W, and if Wa be the load required to sink it upto the mark in 
water and Ws the load required to sink it in a liquid, then the 
specific gravity of the liquid is given by the expression 

W.itWs 
Wit Ws 

Apparatus—A Nicholson's hydrometer, a balance, a weight box, 
a glass jar, a quantity of kerosene and water. " 

[A description and sketch of the apparatus are neccesary here. ] 

Procedure-—Weigh the hydrometer in air with a physical balance 
correct to the nearest contigramme. Take two readirgs of its weight 
and find the mean. Let its weight in air be Ws. Then float it 
vertically on water in a jar taking care that the hydrometer does 
поб touch the side of the vessel nor any air bubble sticks to it. 
Then beginning from the smallest weight in the box, by trial place 
suitable load on the upper pan to sink the hydrometer upto the 
mark. Take two such readings and find the mean. Let it be Wa. 
Then flos& the hydrometer on the liquid in а similar manner snd 
place suitable load to sink the hydrometer again upto the mark. 
Take two such readings and find the mean. Let the mean weight 


bo Ws- 

Now by the principle of floatation W; + Ws is the weight of 
liquid displaced by the hydrometer upto the mark. Similarly, 
W,+Ws is the weight of displaced water having an equal volume. 

Results— as 

Weight of the hydrometer in sir Wa gm. 

Weight required to sink the hydrometer in water= We gm. 
Weight required to sink the hydrometer in kerosene = Wa gm. 

Witw 
i . of Kerosene=—*——§ 
Required Sp. Gr. 0 rosen cw: 


ns—The hydrometer metkod for determining or com- 
avities of liquids is not very accurate since it is 
Il variation of weights placed on its pan. It is 
determining sp. gr. of the liquids e.g., acid 


Disceussio: 
paring the specific gr 
not sensitive to a sms 
also unsuitable for 


Р. Р./9 
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solutione, which act upon the metal of the hydrometer.* For such 
liquids a specific gravity bottle or a U-tube is convenient. With 
ordinary Nicholson’s hydrometer, the specific gravity ав determined, 
is not correct beyoad two places of decimals. 

For a given liquid one hydrometer might be too heavy to sink 
of itself while another might be too light not to float vertically. 
Hence there are hydrometers of various weights to suit particular 
ranges of specific gravities. 


Date— EXPERIMENT 40 
To Determiae Sp. Gr. of a Liquid with Nicholson’s Hydrometer 
(Alternative method) 


Theory—It W, be the weight necessary to sink the hydrometer 
in water upto the index mark with a body on the upper pan and Ws 
be the weight required to do the same with a solid on the lower 
pan, then the weight of water having the same volume as that of 
the solid is given by (Ws — W;). Similarly, if the experiment ів 
repeated in a given liquid and Ws and Wa represent the corresponding 
weights, then weight of the liquid having the same volume as 
that of the solid is (W.— Ws). 1 


с goss oe Wig Ws 

Then Sp, Gr. of the Liquid Wa- Wi 

Apparatus—A Nicholson's hydrometer, a weight box, a sinker, ® 
glass jar, a quantity of kerosene and water. 

Procedure—Fill the jar with pure water and float the hydro- 
meter vertically in water taking care that it does not touch the 
side of the jar nor any air bubble aticks to it. Place suitable weights 
on the upper pan to sink the hydrometer upto the index mark. 
Then place the solid on the lower pan and add weights on the upper 
pan to sink it upto the required level. Take three sets of 
observations, 

. Then fill the jar with the given liquid and repeat similar opera- 
tions, Finally, evaluate the mean value of Bp. gr. ‘ 


Results— 


Weight required to sink hydrometer in water with body 
] 3 А on upper pan= Ws; gm. 
Weight required to sink hydrometer in water with body 
Р j 4 on lower pan Ws gm. 
Weight required to sink hydrometer in liquid with body 
A = on upper рап = Ws gm. 
Weight required to sink hydrometer in liquid with body 
on lower рап = W, gm- 
<. Required Sp. Gr. = W4- Ws 
Ws T Wi 
Discussions—Same as Expt. 39, 


*Recently hydrometers have been c Б 
onst: d li i stios 
which may be safely used with acids or Басма сЕ вв брата роз. 


—— 
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ORAL QUESTIONS 


_ What is Archimedes’ principle? State the condition of floatation of a body. 
Nicholson’s hydrometer is made of some metal which is heavier than water; why” 
then it floats on water? Why is the hydrometer loaded at the bottom. What 


precautions do you observe in using a hydrometer? Is it possible to find the 
specifio gravity of all substances heavier or lighter than water with one Nicholson’= 
hydrometer? Why should the hydrometer be always sunk upto a fixed mark? 
Measurement of Specific Gravity of a Soluble Solid 

When a piece of solid, which is soluble in water, is supplied, its: 
specific gravity is measured with a Nicholson hydrometer in the- 
following way. Take а jar and fill it with a liquid in which the solid: 
is insoluble. Float the hydrometer and place а weight so that the 
hydrometer ‘sinks up to the mark in this liquid. Let the weight be- 
Wı gm. Таке out the weight and place the body on the upper pane 
Then place a weight We gm. such that the hydrometer sinks upto 
the mark, Then weight of the body in air=W.1- We gm, 

Now place the body on the lower pan and put a weight to sink 
it upto the mark. Let it ba Ws gm. Then weight of the body 
within the liquid is Wi- Ws gm. Then the relative density of the 
body with respect to the liquid is ; 

Wi-Ws 
Ws- Wa 

Then take out the hydrometer, dry it carefully and weigh it im 
a balance. Let the weight of hydrometer in air be W gm. Float it im 
pare water and find the weight necessary to sink it upto the mark im 
water. Let it be Wa. Then density of liquid with respect to water iss. 

ҮҮ + ҮҮ, 
WEW: 
Hence the sp. gr. of the soluble solid with respec? to water 
— Wi We , W+ Wa 
Ws-Wsa WtWa 

The procedure, result and discussions are the same as in previous 
experiments, 

Specific Gravity Bottle 

The specific gravity bottle consists of a small flat-bottomes. 
glass flask. It is provided with a ground glass 
stopper having а capillary bore all though its length 
(Hig. 90). If the bottle is completely filled with 

any liquid and the stopper is then carefully 
' fitted, the excess of liquid escapes through the 
bore leaving а constant volume of the liquid. The 
temperature at which the volume is standardised 
is indicated on the outside of the bottle. 

In one type of bottle the internal capacity 
at a certain temperature is marked on its outside. 
In another. type the mass of pure water com- 
pletely filling the bottle at a temperature is indi- 
cated as in the figure. A specific gravity bottle is 
rpeoislly suited to measure the specific gravity of 
а solid in form of fragments or powder and of liquids. 
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Date— EXPERIMENT 41 


To Determine the Specific Gravity of a Liquid using a 
Specilic Gravity Bottle 


Theory—If W, is the weight of the empty bottle with its 
stopper, We is the weigtt of the bottle with a liquid filling it 
completely, Ws is the weight of the bottle with pure water filling 
it completely, then 
Ws М; 

Ws- Wi 

Apparatus—A specific gravity bottle, a balance and a weight 
box, some quantity of glycerine, (say). 

( А description and a diagram of a specific gravity bottle aro necessary here. } 

Procedurs—Wash the bottle with its stopper with a solution 
of caustic soda, then with nitric acid and finally with distilled water. 
Dry the bottle by passing hot air into it and measure its weight Ws 
with a balance. The method of oscillations should be ured to get 
accuracy of weight upto the third place of decimals in grammes. 
Take the weight three times and get the mean value. Fill the bottle 
completely with pure water. See that ro air bubbles are inside the 
bottle, If there is any, shake the bottle to remove air bubble. 
Tnen insert the stopper carefully. The excess water would flow 
out through the capillary bore of the stopper. Wipe the bottle dry 
on the outside parts and weigh it. Weigh the bcttle with water 
three times and find the mean value. Let the mean weight of the 
bottle and water filling it be Ws. Then throw water out and dry 
the bottle again. Pour glycerine into tho bottle to its brim, care 
being taken to see that no air bubble sticks Inside. Insert the 
stopper and wipe the outside dry. It is weighed thrice and the 
mean weight Wa is found. From each set of observation sp. gr. is 
calculated. Tne mean of all fheze values of specific gravity 
represerts the sp. gr. of the liquid at the room temperature. Take 
a thermometer and record the temperature of water under experi- 
ment. Let it be 71°C. 

Results— 


ИОНЫН 


Sp. Gr. of the liquid at the room temp.= 


No. of Mass of | Bottl Sp, Gr. Mean 
Readings | bottle im | ode t, | Botlet | wow Sp. Gr. 
8! air=W, | liquid=W,] water=W, wow, 2 PO 
вш. gm. $ etu С КРЕ I Wh 
1 TA 62'801 E ` . 
2 12622 Т: за 1:263 1'262 


i m 
| hes 49 813 
—LAA———— NN NN 
Tho density of water at room tem 
erature = 
«<. Corrected Sp. Gr=1'962x e 


Discussions—Presence of sir bubbles within th i 
1 Е 1 ^ е bottle specially 
en it is filled with a heavy oil or a vigcous liquid is a source of 


wh 
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trouble. To remove air bubbles, the bottle is to be tapped gently 
while filling or sometimes it requires to be slightly heated. But in 
the latter case, the bottle should be allowed to come back to its 
Original temperature either by a spray of water or by waiting for 
sometime. This is the mest accurate method of measuring вр, gr, 
of a substance, since weight of the bottle can be taken very 


accurately. 


ORAL QUESTIONS 


Why is a specific gravity bottle provided with a stopper having a capillary 
bore? What is the special utility of a specific gravity bottle? In another class 
of specific gravity bottle there is no stopper but there is a mark some where at 
the neck, Which form of the bottle would you prefer and why? What are the 
uses to which a specific gravity bottle is put to? Is temperature correction 
Necessary in using a specific gravity bottle? What are the precantions to be 
taken when weighing the bottle with a liquid? What additional precaution is to 
ba taken when working with a volatile liquid ? 


Datc— EXPERIMENT 42 


To Determine the Specific Gravity «f Solid using a 
Specific Gravity Bottle 
Theory—If W, is the weight of the empty bottle with its 
stopper, Wa the weight of the bottle with rolid; Ws the weight of 
the bottle, solid and pure water; Wa the weight of the bottle and 
water filling it completely, then, 
wi. of solid in air= Wa- Wi 
and wt. of water having a volume equal to that of the solid— wt. of 
the solid =W,- W, 
-. wt. of water having a volume equal to that of the solid 
-W,-Wstwt. of solid W,—- Ws + Wa- Wi 
W.-W. 
„ Gr. 1а CS ee дн ee 
Thus Sp. Gr. of the Soli Wi- W, +W,- Wi 


Apparatus—A specific gravity bottle, a balance and weight box, 


some glass beade, 

Procedure—Cleanse the bottle and the stopper with caustic soda 
solution, then with dilute nitric acid and finally with water. Dry 
the bottle with hot air blast and find its weight in a batance with 
the method of oscillations. Take two sets of reading and find the 
mean weight, which is say Wx Then put some powdered solid into 
the bottle, place the stopper as usual and then weigh it again in a 
similar way. Let the mean weight be Ws. Next with the solid 
inside the bottle, pour pure water into it until the bottle is full. 
Oarefully insert the stopper and wipe out any liquid sticking 
to the outside. Measure the weight Ws of the bottle and its 
contents. Finally take out the solid and fil the bottle completely 
with pure water. Put the stopper and weigh the bottle and water, 
Let this weight be Wa. Measure the temperature of water with a 


thermometer. Let it Бе 1°C, 
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Results— 
Weight of the empty bottle (i)......(ii) ..... Mean= W, gm. 
"Weight of bottle and glass beads  (i)...... (ii) .....Mean = We gm. 
"Weight of bottle+glass baads- water (1)......(11)......Меап= Ws gm. 
‘Weight of bottle and water (i)......(ii)......Mean =W, gm. 

Wa- Wi; 

; W,- Wst We- Wi 

{Temperature correction of Sp. Gr. which is similar to that of 
«Other experiments may be done if required.) 


Discussions—The determination of specific gravity involves 
"he measurement of a few weights. Therefore each weight is to be 
-sarefully measured. When the bottle is filled with water, there 
should bo no air bubble sticking inside the bottle, as this should 
entail an error in the determination of weight, When the bottle is 
filled with liquid, the outside of it should be wiped dry before 
"weighing. 


7. Observed Sp. Gr. at а temp. #0= 


ORAL QUESTIONS 


What is meant by Sp. Gr.? Do you find the value of density of the substance 
by this experiment? Is temperature correction necessary in this experiment, if 
so why? What is according to your vlow a more accurate experiment—a 
hydrostatic balance or вр. gr. bottls method of measuring specific gravity ? Supposing 
you are given a solid which is too big a lump to be introduced into the bottle ; 
how can yon find sp. gr. of tbis solid with the bottle? How can you measure 
зр. gr. of a colid soluble in water with thia apparatus ? 


:Date— EXPERIMENT 43 


To find the Length of a Coiled Wiro by Hydrostatic Method. 
. Theory—It W, gm. be the weight in air of a sample of ooiled 
"ire and We gm, the weight of the same in water, then the mass 
И displaced water is equal to (Wi – Ws) gm. If p be the density 
of water at the observed temperature, then the volume of displaced 
water is (W, -Wa)/p co, which is evidently the volume of the 
wire, If < sq. om. be the average cross-section of the wire and 1 be 
"its length, then, 


W,-W. W,-W, 

p px 

Apparatus—A hydrostatic balance, a glass beaker, a weight box, 
-& sample of coiled wire and some thread. 

Procedure—Tio the sample of coiled wire with a piece of fine 
Shread and suspend it from the left arm of the hydrostatic balance. 
"Find the weight of the coiled wire while suspended in air. Take at 
feast two sets of readings for its weight favourably by the method 
of oscillations. Let the mean weight be. Wi gm. 

Next take some water in a beaker, and place the beaker upon 
“the hydrostatic table so that the coil is immersed in water. If the 


oil consists of а fairly large number of close turns, there is every 
Go3sibility of air babbles sticking within the coil. To remove air 


k= 


с.с, whence l= 


EXPERIMENTS ON HYDRCSTATIOS AND PNEUMATIOB 135 


bubbles the coil should previously be placed for sometime in hot 
water before immersing it into the water of the beaker. Then 
measure the weight of the coil in water, following the method of 
oscillation, if possible. Take two such weights. Let the mean 
weight in water be Wa gm. 

Then find with a screw gauga the diameter of the wire at four 
or five regions and at each place take two readings at right angles 
бо each other. Henca knowing the mean diameter, find the average 
cro3s-section. Then from the formula calculate its length. 

To verify the result make the wire straight and measure its 
length with a metre scale. 

Results— 

Тһе weight of the coiled wire in air=W, gm. 

The weight of the coiled wire in water- Wg gm. 

.. Weight of displaced water-(W;- Wa) gm. 

Hence volume of displaced water- volume of the given sample 
(Wi Wa, 

P 
Direct determination of c:oss-section— 
Pitch of the micrometer screw=m om. 
No. of division on the micrometer head —7 
Least count of the instrument=m/n cm. 

Diameter of the wire-(d) d; cm. (ii) da om. (iii) ds om. 

(iv) d, om. (v) ds om. (vi) de cm. 


-. mean diameter=d сш. and mean radius=4=r cm. 


of wire= “Ce 


cross-section —7r? £q. cm. 
. Hence length of the wire= 24 о.о, 
Trp 

The length of the given sample of wire using а metre 
seale=(i) 1, em. (ii) la cm. (iii) 15 em. (iv) l4 om. 

Mean length of the wire=/ om. 

Discussions—The direch determination of the length of the wire 
is more accurate than by the hydrostatic method. If the difference 
of the results be @ cm, then the percentage of error is equal 
to exo, 

Caro should be taken such that the coiled wire while in water 


does not touch the sides of the beaker. 
Date— EXPERIMENT 44 
To find thə Average Cross-section or Radius of a Wire by 
Hydrostatic Method 


Theory—It a wire of length L cm. has a mass Wi gm, in air 
and Wa gm. in water and if the density of water be P gm. per б.о, 
Wi-Ws 

P 


then the volume of the wire is given by 
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If further r em, be the radius of the wire, then the volume of 
the wire п”) c.c. 


Thus пт? = Wows whence r= VIGEN om. 


= W.-W 
and 7r*=average cross-section = = Sq. em. 


Apparatus—A hydrostatic balance, a weight box, а piece of 
straight wire, a glass beaker and some thread. 


Procedure—Moasure the length of the wire with a metre scale 
correch to the nearest millimstre. Repeat this procedure three 
times and find the mean length. Make a coil of this wire such that 
it can be easily introduced into the beaker supplied. Now suspend 
the coil by a thin piecə of thread from the left arm of tho balance 
and place an equal length of thread on the right pan. Measure the 
weight of this coil in air three times and find the mean weight 
in air. Я 

Place the bridge above the left pan во that the pan beneath 
it is free to move. Now place the beaker on the bridge such that 
the coil hangs freely within the beaker. Pour water slowly into the 
beaker so as to immerse the coil completely. Then measure the 
weight of the coil in water three times and obtain the mean, Get 


the value of the density of water at the laboratory temperature 
from the Table of Constants. 


Resulta— 


The length of the wire (measured with a metre ecale) 
(i) 54°1 om. (ii) 54°9 om. (ili) 541 om, 
-. Mean length -54'1 сш. 
Mass of the wire in air 
(i) 1°41 gm. (ii) 141 gm. (ii) 149 gm. 
<. Mean mass in water-141 gm. 
Density of water аб 9890= 0:595 gm. c.c. 
Then the average Cross-section of the wire 
159-141. 1g в 
905x641 995 хБа1 0033 ва. cm. 
Also radius of the wire= ,/ 2030 -03 cm. ='8 mm 
314 , À 
Discussions—The radius or the area of cross-section, 88 
measured hydrostatically, is rather an indirect and round about 
process, The measurement of diameter by callipers or -screwgauge 
is more accurate no doubt. But the experiment is here only to 


utilise Archimedes’ principle for volume determination and thence 
to calculate the radius or area of cross-section. 


EXPERIMENTS ON HYDROSTATIOS AND PNEUMATICS 137 


Variable Immersion Hydrometers 

The apparatus consists of а hollow uniform glass stem Б attached 
to another hollow glass piece H ending in a bulb B 
(Fig. 91) The instrument is loaded with some 
mercury or lead shots аё its lowest part so as to 
float on a liquid vertically with а part of the stem 
above if. A hydrometer floats on different liquids 
with different lengths of the stem exposed. The 
stem is graduated and the reading of the level 
of the liquid gives the specific gravity of the liquid 
directly. 

The instrument is calibrated by floating it on 
liquids of known specific gravities. The sp. gr. of 
pure water at 4°0 is taken to be 1000 which is to 
be read as 1'000. In a denser liquid the hydro- 
meter floats out to a greater extent and hence for 
determination of specific gravities of liquids 
heavier than water, the graduations are to be made 
from the top downwards as is shown in the 
Fig. 91a. Suppose that the reading of the instru- 
ment is 1650 in а liquid, which indicates that the 
specific gravity of the liquid is 1'620. On the other 
hand a hydrometer of this type sinks more and 
more in lighter liquids. Hence for the determi- 
nation of sp. gr. of lighter liquids the graduations 
ate made from the bottom of the stem upwards 
as is shown in the Fig. 91b. Suppose that the reading of instrument 
is 920 in a liquid: i& means that the specific gravity of the liquid is 
0'920. As this olass of instruments works upon the principle of flosta- 
tion to different extents in different liquids they are called variable 
immersion hydrometers. Since, in any measurement, no extra load 
is attached to such instrumente, they are also called constant weight 
hydrometers. 

The same instrument. is not used for all ranges of specific 
gravities. A set of variable immersion hydrometers is provided in. 
a box, usually five to six in number, for a range of specific gravity 


from 0'5 to 2'0. 


U-tube Method 
The apparatus consists of a long U-tube of glass fixed upon an 


wooden frame such that the two arms remain vertical (Fig. 99).. 
There is a scale fixed alongside the limbe, It can be conveniently 
used to compare the relative densities of two liquids which do nob 
mix with each other nor have any chemical action. 

ə densities of two liquids, one of them, generally 
the heavier, is poured into the U-tube through an open end till 
it ocoupies nearly half the length of each limb. Then the other 
liquid fs poured to nearly the top of one limb, and the combination 
is allowed to become steady as shown in the figure. Then the free 


To compare th 
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surfaces of the liquids at A and O as also the surfaces of contact 
at B are read off from the scale. If the difference of readings at A 
and B be kı, and the density of the liquid occupying this volume be p1> 
then the hydrostatic pressure at B=A1P19 
[Vide Basu & Chatberjee's Intermediate Phy- 
sies, Part I. Chap. X]. The vertical height of 
the other liquid above the common surface 
of eeparation is the difference cf the readings 
at C and B. Lot this height be ha and 
the corresponding density be pe. Ther the 
hydrostatic pressure at the same horizontal 
plane as at Bis hapag- Thon for equilibrium 


hıPı = ора ог, Dx Ps 


Suppose that the liquid in the column 
АВ is water; then Ог is equal to unity 
and Оз may be directly calculated. Ib may 
be noticed in the equation that densities 
are inversely proportional to the heights 
of liquids from their surfaces of contact. 


Hare's Hydrometer 


It is also an apparatus to compare the 

. relative densities of two liquids. It consists 

Fig. 92 of an inverted glass U-tube fixed to a suitable 

stand. Two liquids from two pots аге drawn up into two vertical 

limbs of the U-tube by sucking out air through another connecting 

pipe. Since the liquids rising up are not in contact, they cannot 
mix nor chemically react with esch other, 


Date— EXPERIMENT 45 
To Compare the Densities of two Liquids with a 
Hare's Hydrometer 
Theory —It hı is the height of а liquid column in one arm of 
a Hare's hydrometer, /, the density of the liquid, and if he and 


Ps denote the corresponding quantities for a second liquid in the- 
other arm, then 


Арз = Һара ог, hı Ра 
he рү 


Apparatus—A Hare's hydrometer, pure water and a sample of 
copper sulphate solution. 


The Hare's apparatus consists of an inverted U-tube of glass 
having two long vertical limbs (Fig. 93). The U-tube is fixed to an 
wooden board. A short glass tube connected at the topmost part 
is provided with a rubber tubing T. A pinch cock О fitted with 
the tubing can be operated to open or close the tube whenever 
necessary. Two graduated scales are fixed alongside the limbs and 
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are used to measure the heights of the two liquids under 


investigation. 

Procedure—If found dirty, wash the 
U-tube with water a few times by placing 
two pots coniaining water under two limbs 
and sucking air out of the rubber tubing 
Eich time air is sucked out, water is seen to 
rise up in the tubes, Oa releasing air, water 
flowa down into the pots. After washing the 
tubes, remove the pots and blow air through 
the tubes to dry them. 

Next pour the liquids to be tested in 
two pots and placa them under the two limbs 
of the U-tube. Now draw oub air through 
the upper tube when the liquids are seen to 
riso up to different heights A and B (say). 
Then olose the pinch cock О so as to stop the 
air passage of the rubber tubing. If now the 
liquid surfaces are found to descend slowly, 
there must bo a leakage of air into the 
apparatus. This leakage must be stopped 
either by grease or by knots of thread at the 
glass rubber joints. When the liquid columns 
bacome stationary, measure from the attached 
scale the length of the liquid columns above : 
the free surface of the liquid in each pot. S 
Take а numbor of readings for each liquid 8. 
column at intervals of a minute. Suck the liquids fire times to 
different heights and tabulate the readings. 


Results — 
я Length f Water | Length 
No. of 1.219110 | Level о | Gr, | Lew of Ratio 
Reading level in| atA | column P Has atB | column | Alha 
P, cm. энн ha omn 1» sd cm. h, om. 
1 67 Bra 481 58 69°5 63°7 13 
Vacs 68 PN 895 |. a S 13 
| s n 502 : 5°85 Ж T5 
Ml ә л e NT VUE SR NN 


mean value of the ratio is found to be 18, 

. of the sample of copper sulphate solution is also 1'8. 
P ud E be any leak anywhere within the tubes and the pinch 
cock should be tightly pressed every time before taking readings, 
Temperature correction of density is not necessary, since both the 
liquids undergo a nearly equal variation of density due to & change 
of temperature. The level of a liquid within the pot at the region 


Discussion—The 
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where the glass tube is dipped is higher than usual due to capillary 
action, Consequently s measurement of the height of any liquid 
within the U-tube with в separate metre scale entails tome errors. 
To avoid this a metal needle or a pointer is often fixed vertically so 
that its tip just touches the liquid surface within the pot at come 
distance from the U-tube. The vertical height from the tip of this 
pointer to the level of liquid in the tube marks the height of the 
corresponding liquid column, 


ORAL QUESTIONS 


Sp. Gr. of Bodies by the Method of Floatation, 


Whenever a body floats freely on a liquid, the weight of the body 
is equal to the weight of the liquid displaced. If the body be a cube, 
а rectangular parallelopiped or a cylinder such that the volume is 
proportional to height or length, its specific gravity can be con- 
veniently measured in the following way. 

Suppose that a body of unifcrm cross-section a has got a length Ь 
Then its volume is la. If the sp gr. of the body be § and density 
of water be p, then the mass of the body is Їа S p. If it floats on 
water with a height e exposed, then the part submerged is (i— e). 
The submerged Portion has got a volume (1—е) a and this volume 
of water hag got a mass (J—e’ ар. By the principle of floatation, 


l&8p - (1— 6) < 1-6. height submerged 
(79) «е whence В 1 total height 


Date— EXPERIMENT 46 
To Determine the Sp. Gr. of a lighter B.dy by the 
Method of Floatation 


Theory—If а body of the shape of a cylinder or rectangular 


parallelopiped floats vertically on water, then the specific gravity of 
the body is given by the ratio— 


Height of tha body below watar 
Total height of the body 
Apparatus—A trough, a cylindrical block of wood slightly loaded 
аб the bottom, a glass cover Plate, a metre scale and a pin. 


Procedure—Pour water into the trough until it is a sboub 
half-full. Float the given block on water and place the glass plate 
On the trough so as to cover a Portion of it. 
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Fix a pin ab the end of the metre scale. Hold the meter scale 
vertically so that the end of the pin 
gust tcuches the surface of water in 
the trough. Take the reading of the 
metre scalo against the upper surface of 
the glass plate. Record three such 
Observations at different positions of 
the plate and find the mean value. Next 
place the scale vertically such that the 
pin just touches the upper surface of 
the oylindrical block and record а 
similar set of readings against the glass 
plate, The difference of the two sets FECE 
of readings is the portion of the cylinder above the surface of water. 

Take out the cylinder from the liquid and measure its length 
three times and take the mean. Thus knowing the total height and 
the height submerged, calculate the specific gravity. 


Results— 


t eight 
Surface | rca. abovo | Height | Mean 


Burface 
Чоло. of wate: Mean of block n| water | of Block| height 


БОЕП em. Ci) cm. surface om. em. 
1 11'8 11:8 94 
2 118 93 
8 11:95 9'4 


Discussions—Tho different samples of wood have got different 
specific gravities ranging from 0°6 to 0'8. It should be noted that 
this method is only applicable to lighter bodies having a regular 
form. The readings for the upper surface of the block when floating 
on water should be carefully measured, since a slight pressure on 


pieco depresses it below water. 
ORAL QUESTIONS 


What is meant by sp. вг. of a body? If the sp. gr. of a Койу ls less than 
unity, why does it float? What determines the stability of a floating body ? 
What shape of a body is suitable for determiration of specific gravity by the 
method of floatation and why ? If the body be of irregular shape but lighter 
than water, what method do you suggest to find its sp gr. ? What is Archimedes’ 
Prinoiple and how can it be applied to determine the density of a body ? 


Date— EXPELIMENT 47 


To Determine the Sp. Gr. of a lighter Body by 
Displacement method 
Theory—If a body while floating on water displaces a volume 
V, of the liquid at а particular tompera’u‘e and if the body while 
Completely immersed in water at tho same temperature displaces a 
Yoluma Уз, then the specific gravity of the body is given by the 
ratio of Vi and Ve. 
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Apparatus—A piece of wood, a measuring cylinder having 
graduation of 0°l c.c. а rod provided with three pins at its head. 

Procedure—Some quantity of water is poured into the measuring 
cylinder and its volume is read. The piece of wood is then carefully 
placed upon-water so as not to splash or sprinkle it. The solid 
displaces its own weight of water. The surface of water is row read. 
The difference of these readings gives the volume V; of water 
displaced. If the density of water at this temperature be p, then 
the mass of wood is Vi X p. 

The piece of wood is then held at its top in а stable position by 
means of three pins projecting from the rod and is slowly immersed 
wholly in water. The water level is read, The difference of the 1st 
and 8rd readings gives Vs the volume of water displaced by the body 
when completely immersed. Hence Уз хр gives the mass of water 
having à volume equal to that of body. Hence the ratio of the mass 
of the body to the mass of equal volume of water is the same as Vi/Va- 


Result— 


First | Second " Third - E Mian 

No. of level of | level of Difference level of Difference Ratio Ratio 
Readings =V, =V, Va | = r, 
water вр. gr. 


water | water 


с.с. оо. о.о, e.c. о.о. 
1 161 | 20:8 44 92°7 6'6 0:64 0:64 
2 302 | .. ee = 67 0°63 
3 E 4'2 28'8 FR 0'64 
E ы... 


Diseussions—The volume of the substance under investigation 
should be such as to displace a fairly measurable quantity of liquid 
to ensure & good result, The graduations of the measuring су linder 
should be `1 cc. or even less. The substance should be dipped urder 
the liquid very slowly as not to disturb the level of the liquid. The 
substance must not be porous as then air bubbles within pores will 
vitate the results. Air bubkles must be removed by putting the 
substance under boiling water for sometime. 


Pressure of Air 


The fact that air has weight can be demonstrated by the following 
experiment. Take a glass globe fitted with an air-tight stop-cock, Take 
an alr-pump and connect a rubber pressure tubing between the pumP 
and the nozzle of the globe; Operate the pump for some coneider- 
able time and close the stop-cock. Now disconneot the globe and 
carefully weigh it in a balance. Record the mass of the globe, whic 
is now almost vacuous. Then open the stop-cock to re-admit 817. 
Weigh the globe again. An increase in weight proves that air has 
got weight. р 


The atmosphere envelopes the earth completely and extends two 
to three hundreds of miles above the surface of the earth. The density 
of the atmospheric air decreases with height. The atmosphere may 
be supposed to be divided into a large number of layers parallel to 
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the earth’s surface. Any such horizontal layer of air has got to suprort 
the total weight of all the layers of air above it and is thus subjec- 
ted to a downward force caused by their weight. Such a force 
acting upon unit area at any region is called aimospheric pressure. 
Sinco pressure in a fluid is transmitted equally in all directions, the 
amount of the atmospheric pressure is the same at a point in any 
direction. There are many experiments to thow that air exerts 
Preasure, (Vide Basu & Ohatterjee’s Intermediate Physics Part І, 
Chap. XI). 


Rise of Liquid in an Exhausted tube 


Tt is a matter of common experience that if one end of an open 
Pipe is placed in water and air is sucked of the other end, water 
Eralually rises up within the pipe. For a similar reason when one 
end of a syringe is kept in water and its piston is pushed up, water 
rises within the syringe. The reston is that on the free surface of 
any liquid atmospheric pressure acts in a vertically downward 
direction. When an open pipe is partly dipped into the liquid and 
Some air is taken oub, the pressure of air within the pipe falls below 
that of the outside air. Consequently, the pressure at all points on 
the surface of the liquid becomes unbalanced and to equalise the 
pressure, some liquid rises up within the pipe to such a height that 
the residual air presure within the pipe plus the liquid pressure on 
the surface of the liquid becomes equal to the atmospheric pressure. 

Ultimately when all the air from inside the pipe is taken out, the 
internal air pressure within 18 is nil and the liquid rises to the maxi- 
mum height within the pipe. The pressure due to the liquid column 
is then equal to the atmospheric pressure. If h represents the vertical 
height of the liquid column above the free surface of the liquid, p the 
density of the liquid and g the acceleration due to gravity, the hydros- 
tatio pressure due to this column which is equal to the atmospheric 
pressure is given by the expression kpg. If two liquids of densities 
pı and pa are raised up in two verbical interconnected pipes to heights 
hı and ha then, since the external pressure is the same, h1p1=hapg- 


hips 


Or, 
hs Pa 


in other words heights to which different liquids rise are inversely 
proportional to their densities. Mercury is 13'6 times denser than 
water, So if these two liquids are sucked up in two pipes by ex- 
hausting air, water column will be 13°6 times longer than that of 


mercury, 


Torricelli's Experiments 

To make the experiment take a thick walled glass tube closed at 
One end and about a motre in length, Dry the inside of the tube 
with a current of hot air. Take some mercury in a basin and if the 
mercury surface is found dirty, take a filter paper and rub its 
surface, Then pour some dilute hydrochloric acid on its surface and 
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sbir mercury and acid with a olean glass rod. Pour out the acid 
from above mercury or suck it out with а pipette. 


Completely fill the tube with mercury, Close the open end 
tightly with a small glass plate or thumb taking care that no air 
bubble sticks inside. Now invert the tube vertically over & trough 
containing mercury such that the open end is under the surface of 
mercury. The mercury within the tube comes down to a certein extent 
and then becomes stationary. Measure the height of the mercury 
column {rom the mercury surface of the trough, The height would 
ba found to be approximately 76 cm. or 20 inches. 


The explanation of this fact is simple. When the tube, completely 
filled with mercury, is inverted vertically over the trough, the liquid 
pressure on the base of the mercury column is due to the height of 
the column, The atmospheric pressure acts over the exposcd parts 
of the surface. For equilibrlum these two pressures must be equal 
and opposite. When the tube ia wholly filled, the pressure due to 
the mercury column is greater; so mercury from the base of the 
tube moves away and the level of mercury falls down. Ultimately 
a level is reached when the pressure due to the steady mercury 
column within the tube becomes equal to the atmospheric presrure. 
The space above mercury within the tube contains nothing bub а 
little mercury vapour and is called the Torricellian vacuum. 


It must be remembered that the pressure of a liquid depends 
upon the vertical height of the liquid column but not upon the area 
of the base on which the column stands. Therefore, whatever might 
be the cross-section of the tuhe в liquid stands at a constant height 
within it. A measure of the height of the column gives the magni- 
tude of atmospheric pressure. 


Date— EXPERIMENT 48 
To Read a Fortin's Barometer in Inches and Centimetres 


Theory—The height of the mercury column in a barometer tube 
above the free surface of mercury in the reservoir, is a measure of 
the atmosheric pressure when the tube is placed vertically. 

Apparatns—A Fortin’s barometer. 


The apparatus consists of a straight thick walled glass tube closed 
at the top and standing vertically over a cistern of mercury (Fig, 95). 
The glass tubo is enclosed all through its length by a metal tube T 
which is marked black in the figure. Except for a little space аб 
the top, the tube is filled with pure dry mercury. The space above 
mercury within the tube contains nothing but & little mercury 
vapour. The bottom. of the tube is open end is inverted over 
a reservoir containing mercury. This part is also shown sepa- 
rately in а sectional diagram in Fig, 6. The upper wall of the 
reservoir is а glass cylinder G through which the surface of mercury 
can be seen. The middle of the cylinder is: made of box-wood 
and is surrounded by а brass cylinder D. A piece of fl.xible leather В 
forms the base of the reservoir. The leather bag is provided with 
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ап wooden button to which is attached the upper end of a screw 8. By 
working this screw the leather bag can be raised or 
lowered so that ‘the level of mercury within the 
reservoir can be adjusted ab will, A piece of 
thin leather is attached at the top of the reservoir, 
through the pores of which the atmospheric pres- 
sure can act upon the inside mercury surface. A 
small ivory pointer P is fixed vertically to the lid 
of the reservoir. The lower end of the pointer 
forms the zero of the vertical scale attached to the 


barometer. 

The lower end of the tube is made narrower. 
The advantage of making it narrower is that, the 
disturbances on the mercury surface while its level 
is being altered, would be damped quickly. The tube 
at the upper part is made broader to reduce the 
effect of surface tension. Two long slits are cut 
near the top of the metal casing. The slits are 
covered by two glass pieces so that the upper 
level of mercury can be seen through them. Two 
gosles, one gradaated in centimetres and other in 
inches, ara engraved on the brass tubes along the 
two edges of the front of slit. Since the upper 
level of meroury is always to be read, the scales 
are graduated only at their top parts. To ensure 
accuracy in reading, а brass vernier scale V is 
provided with the main scale and the vernier scale 
can be slided up and down the slit by a rack and 
pinion arrangement worked by a screw R. To read the 
atmospheric temperature & mercury thermometer E 
із fixed with the brass body. The whole apparatus 
is suspended vertically on an wooden frame which 
is fixed permanently to & wall, 

Procedure—Look through the glass 
walls of the mercury reservoir to the 
ivory pin and observe whether the pin 
point is actually touching the mercury 
surface If not, turn the screw Sin a 
proper direction until the image of the 
pin point on the mercury surface and 
the pin itself just touch each other, E 
this position the mercury surface just 
touches the point of the ivory pip 
This is called the zero adjustment of RERA er 

he mercury level of the reservoir. м & E yq * i 
i i convenienb position o e main 
Now slide the vernier at some ie А КЫРЕ 


Seale and count the total number of ve \ 
Main scale divisions in coincidence. Hence find the vernier constant 


vide pp, 96), Next move the vernier till the lower edge of the 
P. P/10 
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vernier becomes tangential to the mercury surface. Take the vernier 
reading at this position. This gives the height of the mercury column 
above the surface of mercury within the reservoir. Take the readings 
of both sides of the vernier in centimetres and in inches (vide 
Expt. 4). Readjust the vernier and take fresh sets of readings. 
Again readjust the mercury surface of the reservoir and take readings 
aiter fixing up the position of the vernier. Take the temperature as 
indicated by the thermometer attached to the barometer. Tabulate 
the data as indicated and calculate fhe mean barometric height, 


Results— 


Determination of Vernier Constant: 


(i) Centimetre scale : 
List 20 vernier divisions = 19 main scale divisione. 
Vernier const.~1 main scale — vernier scale— 
value of 1 m.s.—0'1 em. .', Vernier constant=0°005 cm. 
(ii) Inch scale : 
Let 25 v,s.—24 m.s. 
or, Vernier constant =m.s,— 1 v.s. 
Measurement of Height of Barometeric column at Calcutta at 
26°C on the date of Experiment. 


—————————— 


Main | Vernier | Fraction- | 
Scale No. of | Total | Mean | Ratio 
used readings E | ^N D Helght | Height Inch, 
| T 
| 
em. МИн > = em; ош. ош. ош. 
1 75 7 19 76'796 75 798 
Centi- 2 157 19 75'735 
metre 3 .. - ose 
5 75'8 75'800 
in. in. in, 
1 29°85 0 29'850 29'852 2'539 
2 29'80 24 0:048 29'848 
Inch. 3 am ae "S m 
4 € E m T 
5 29°85 | 2 0'002 29'852 


Я Discussiong— Since the zero of each Scale begins from the lowest 
point of the ivory pin, the surface of mercury in the reservoir should 
be made to touch the pin point every time before taking the vernier 
reading. The barometer tube should always be kept vertical; the 
verticality may be examined with a plumb line. 

To make a standard of measurement the observed reading may 

: be corrected for temperature, height above the sea-level and latitude, 
if such corrections are required, 
Temperature correction—Th 
column varies with temperature 
change in the density of mercury, 
observed with a scale at °C. Tf 


9 observed height of the mercury 
due to expansion of the seale and 
Let ht be the barometric height ag 
the graduation of the scale be 
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supposed to ba correct at O°O and ho be the corresponding reading of 
the scale at 0°C. 


Then „=й (L+at) 
where с =coefficient of linear expansion of the material of the scale. 


. Again let p and рг be the densities of mercury at temperatures. 
0c and t°C. Then the atmospheric pressure is h; (1+ at) р; g while 
if is were measured at 0°C, it would have been hopog 


Hence hopo=hy (1+0): or Љо =: (aD 
о 
But po =p: (1+ у) where ? = соейїсїеп& of cubical expansion of 
mercury. 


hom EE Cas ae (it yt? = held +L- yi) 
1*» 


= +(x- yji} 
For brass scale, < =0`000018 and for mercury, y = 0'С00181 
Thus ло= л; (1— 00001631) Ж 
For the particular experiment, h,_=75°798 cm. at сес 


ho = 15198 (1—0'000163 х 26) 
=75'798 х 0'99576 = 75'487 cm. 


Pressura in Absolute Uaits—A column of liquid of height № 
and density p, exerts a pressure pg where g denotes the accelera- 
tion due to gravity. Thus pressure is expressed in absolute unit. 

In the particular experiment h after temperature correction is 
76487 om,; p for mercury is 13595 gm./c.c. and g for Caloutta ів 978. 
сш /sec?, Hence atmospheric pressure after being corrected for 


temperature is equal to 
75437 x 13'595 x 978 dynes per £q Ош. 
= 10038688599 dynes/om . 


Ratio Units—The measurement of the barometric height 
in inches ot thea asia provides & method of finding the ratio of 
the units of length. Since the same height is measured in both. 
Units, their ratio will give the ratio of the units. The last column of 
the table then gives the ratio of inch and em. For the particular 
apparatus the ratio is found to be correct to 3 places of decimals. 


ORAL QUESTIONS 


è sure of the atmosphere? Is it constant? It noè» 

obs ig шен by viui mercury ordinarily used in the construction of a 
@ ter ? what “will be the advantage if glycerine or water is used as the 
arometri stance? What is temperature correction of barometric height ~ 
Is this coi HO absolutely necessary at all places and at QUU ME 
E puros io an aeroplane which is flying at high alti:ude; would the 
r is taken to thermometer attached to а barometer? Why do 


readi is а 
a ae MUT Jezel always to touch the ivory point ? 
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_Date— EXPERIMENT 49 


To Verify Boyle's law and to Draw P—V curve 


 Theory— The pressure p exerted by a given mass of a gas ab a 
uniform temperature veries inversely as its volume v. In other 
words, ро = constant so long as temperature is constant. 


Apparatus—A Boyle's law apparatus, & barometer. 

A Boyle's law apparatus consists of a vertical wooden stard 
¿provided with levelling ecrews at the base (Fig. 97). A metre scale 
Hs fixed with the stand. There are in some instruments two vertical 

grooves on two sides of the 

scale, A uniform glass tube 

closed at one end is connected 

through a rubber tubirg to 

= another uniform glass tubs 

s : open at both erds. A part of 

the closed glass tube, tke 

whole of the rubber tubing 

о and some part cf the open 

glass tube are filled with 

mercury, The space within 

the closed tube above the 

А ы Surface of mercury contains 

A } air, The two glass tubes can 

= 5 be slided up and down the 

E grooves and can be fixed at 

any position by suitable 
clamps. 


In some modified instru- 
ments an extra attachment is 
provided with as shown sepa- 
rately to the left of the figure, 
which replaces the closed glass 
tube. The stor-cocks at the 
top allow the nature ard mass 
of enclosed gas to be altered 
if required, 

Procedure—At the start 

SFI take the barometer reading 

¿è (vide Expt, 49). One or two 

readings may be evfficient, 

aa f^ Place a spirit level on the 
U^ bed of the Boyle's law вррг- 

Fig. 97 rabus and level the base by 

à df $ ^ means of the screws attached 
Фо it. (For directions vide pp, 58) When the base is levelled, the 
stand.carrying the metre Scale and th 


d е tubes become automatically 
vertical, Then raise up or lower the glass tube with the open limb 
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tip the mercury surface in the open limb and that in the closed 
limb come to the same level. At this position the scale reading for 
both the mercury surfaces should be the same. Take readings of the 
closed end A and the mercury level at C after waiting for a minute 
Or two.* The difference of these two readings gives the length of 
the enclosed air column, Since the internal cross-section of the 
closed tube is uniform, the volume of the enclosed air is proportional 
to the length. 


Then raise up the open tube slightly such that the mercury 
surface in this tube is at a higher level than that in the closed tube. 
After waiting for a minute or two take readings of the mercury 
surfaces at © and O with reference to the ecale attached, correct to 
the nearest millimetre or a fraction of a millimetre by employirg 
2 magnifying glass. The reading of mercury level at O minus the 
reading at O gives the difference of the actual pressure of the 
enclosed gas and the atmospheric pressure. The volume of the enclosed: 
air is evidently the difference of readings of A and C. Therefore, ЕС 
long as the level at O is higher than that at C, the difference of read— 
ings is positive and the pressure of the enclosed gas is the sum of the- 
atmospheric pressure and the differences of levels. In this way take 
three or four readings at pressures above the atmospheric pressure. 
When making any new adjustment of level, take care to wait for 
some minutes before taking a fresh reading ; as otherwise there would 
bo а fluctuation of the temperature and Boyle's law would not hold. 

Next lower the open tube so that the mercury surface within: 
this tube is at a lower level than that of the closed ore. Measure the 
volume as before, In such a case the mercury level at О minus that 
at О is a negative quantity. Hence the enclosed gas pressure is equal! 
to the atmospheric pressure minus the difference of levels. In this 
way take a few readings at pressures below the atmospheric pressure» 
and tabulate the results, At the end of the experiment, take the’ 
barometer reading. The mean of the two barometer readings gives: 
the average atmospheric pressure during the course of the experiments- 
Show the product of the pressure and volume in the last column, 
If the experiment is carefully done, the product for every pair of t» 


and v would show nearly equal value. 


Results—(A typical set of readings) ' 
Barometric Pressure at the start of the exreriment- 7610 em. 


Barometric Pressure at the end of the experiment- 76'10 om- 


.. Mean barometric pressure during the experiment = 71610 cm. 
Atmospheric temperature at the beginning of the expt. = 98°С 


At nospheric temperature at the erd of the expt. =26°0. 
2. Mean Temperature = 22°0. 


-. * Whenever a gas is quickly compressed, it becomes heated and temperature: 
rises, Conversely when it is quickly expinced it becomes cooler. 
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а Volume | Reading pie ut Total Pross. | Volume 

of at A at of air= at EU 7 Baro. X press. 

obs. =a C= а-с О=о рге ргезз.+һ | —VxP 
o-c=h 


cm. em. 


The variation of volume with pressure is shown graphically In 
Fig. 98, Since рхо 
is constant, the graph 
is rectangular hyper- 
bola. Again p= 1/v and 
hence graphical relation 
of p and /v would be 
а Straight line, 


Discussion—T h e 
product of the volume 
and the corresponding 
pressure is found to 
be fairly constant for 
& given mass* of the 
gas at the room 
temperature, the mean 
value for this parti- 
‘cular mass being 1741, The cause of variation of the preduct is that 
“we can read the volume and the difference of pressures correctly 
бо al „0.0, and 1 mm. ard not more accurately. Further a slight 
‘variation of temperature during compression or expansion of the 


843 would cause а difference in the product of pressure and 
“volume, 


1 Small div. 2 0'5 ош. 


Fig. 98—Pressure-volume relation in Boyle's Law 


ORAL QUESTIONS 


What is Bcsle's law? d 
‘you requiro the bar Wly should the stand be made vertical ? Why do 


s ometric press i a 
measuring the gas pressures ? “Would, Bae eee ЫДА, anitir yon 


measured in a wider glass tub 


ТЗ КИД вла T increased at a uniform temperature ? 
} Or a 9 
pressure-volume relation if th Bases ук TOU м the effect on 


*It the quantit 


y of gis contained 1 i 
#0 would also vary. within tke gliss tuba varies, the Product 
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Date— EXPERIMENT £0 


To Determine the Atmospheric Pressure using a 
Boyle's Law Apparatus 


Theory—If, in Boyle's law experiment, Р denotes the 
barometric pressure, h the difference of mercury levels in the open 
and closed limbs and v the volume of the enclosed gas, 


then (P t A) 1 or, h -E =P, where K is a constant depending 
v 


upon the mass of the gas and its temperature. During the course of 
the experiment, assuming P to remain constant, the relation 
between h and 1/v is linear, 


Hence, wnen to, P=-h 


Therefore, if a graph is drawn showing the relation between h 
and 1/о, 16 would be a straight line and the intercept made by this 
lino with the h-axis with sign changed will represent the atmoc- 
Dheric pressure, 


Apparatus—A Boyle's law apparatus and а spirit: level. 


Procedure—Place a spirit level on the base plate of the Boyle's 
law apparatus and make the stand vertical with the base screws. 
Then by adjusting the height of the open tube bring the mercury 
levels in the open and closed tubes in the same horizontal plane. 
Now take the reading of the top of the closed glass tube which ig, 
suppose, a, Next read the level of mercury surface within the closed 
glass tube; let it be c. Then a—c represents a length which is 


Proportional to the volume of the enclosed gas. 4 
Lower the open end by а few centimetres, such that the differ- 


ence of levels of mercury in the two limbs is 3 to 4 ош, Then after 
Waiting for some minutes read the levels of mercury in the closed 
and open limbs and let them be c and o. Hence o—c gives the 
difference of pressures h. In this way take а number of observations 
with a difference of levels ab even steps of 4 to 5 om. with negative 


Values o! h, Finally draw в graph with h and 1/о (Fig. 99) 
Resultg— 


Reading | Reading Volume | Recipro-| Reading | Difference | Atmos- 
at at of air= | cal of at of press, pheric 
O=c a-c | volume О=о h=o-c | pressure 
| | 


em. om. сс.-! | cm. em. om. 


3730 | 3290 | ‘0436 | 3730 0'0 
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Discussions—To be able to measure the atmospheric pressure 
correctly to а millimetre from the graph, the value of the smallest 
division on pressure axis should be at least. one millimetre. This 
^ requires the graph paper to 
be so large as to contain в 
ZH range of pressure difference 
9 . from 0 to 80 cm. on the 
negative side. Such an ex- 
traordinary large graph paper 
20 ів поб ordnarily available. 
30  Wtth the unit of measure- 
ment so chosen along the 
Pressure axis (one smallest 
50 unit=2 om.) in Fig. 99, 16 
éo is not possible to determine 
the pressure at B with an 
accuracy of less than 1 cm. 
80 of mercury. There is, however, 
а more accurate method of 

Fig. 99 calculating the atmospheric 
Pressure from any two known values of h which is given below. 

Alternative Method—It P be the atmospheric Pressure during 
the course of the experiment and hi, and ha be two values for the 
difference of meroury levels in the open and closed limbs of the Boyle's 


law apparatus, then provided the temperature of the enclosed рав 
does not change, 


2 em of mercury: 


uu 
MI 


H 
H 


QU 


dM 


ШШ 


1 


Difference of Pi 


Where v, and v& are the correspondin 
) g volumes of the enclosed gas. 
Knowing hi, ha, vi and va, P may be calculated. In practice atmog- 


(P=3.5) x 34 =(P — 10'25) x 36/45 whence P=76'3 cm, 


From such calculations, it ig i : 
] ossible to fi 
pressure to the nearest millimetre. Ge RED AES ET 


Machine 
4 A machine 
point in it 


fin А үл by which а force applied at в given 

z а 9n direction may be made to appear at some 

аа ЕС gif arent Ог same direction with a different magnitude. 

avo more d ар zoi to do some work, this applied force whould 

Бей is ТЕ the ettort end resisting force. The force directly 
: 1 В i 

machine js culled the кеа 9 resisting force overcome by the 
Velocity Ratio—The ratio of th i 

т © distance dı through which 

the effort works to the distance ds through which the peo na 

overcome is called the velocity ratio of a machine 
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Thus velocity ratio 
— Distance through whioh applied force moves — d; 
Distance through which resistance is overcome da 


Machanical Advantage— The mechanical advantage or force 
ratio of & machine is the number which expresses the ratio of the 
resistance overcome to the effort applied to the machine to produce 
equilibrium. r 


d Resistance overcome P 
h ‘Advantage = === 
Mechanical vantage Effort applied W 


Efficiency of a Machine -A part of the energy supplied to a 
machine is always utilised in overcoming frictional resistances within 
it and this part is wasted in form of heat, So useful work done by & 
machine is always less than energy supplied to it, The efficiency of 
а machine is defined to be the ratio of the useful work done: by the 
machine to the total energy supplied to it. The efficiency of a 
machine. is therefore less than unity and is often expressed as а 
percentage by being multiplied by 100. 

[For details vide Basu & Chatterjee’s Intermediate Physics, Part F 
General Physics, Ohap. VI] 

Date— EXPERIMENT 51 


To Datermine the Mechanical Advantage of an Inclined 
Plane when Eifort is parallel to the Plane 
Theory—The mechanie:l advantage of а machine is defined to 
ba the ratio of resistance and effort, where resistance in the case of 
an inclincd plane means the weight of any body placed on the plane 
supposed to have no friction with it, while effort means a force: 
Parallel to the plane just sufficient to hold the body at any point 
on the plane. 
It P denotes the resistance and W the effort, then Mechanical 
E height of nlane 
avantage W length of plane 


Apparatus—An inclined 
plane, a metal roller, & 
Scale pan, some thread and 
Weights. : 

The apparatus consists 
of a smcoth rectangular 
board A (Fig. 109) about 
2 ft, in length and 4 inches 
in breadth hinged at one 
end бо another | similar 
board B so that they can 
be kept at any angle with 


each ү sheet of \ ү 
B ey toa Bis Fig. 100—Inclined plane 
board to make the surface smooth. There is a straight verticab 
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scale S by which the height of the inclined plane above B can be 
measured. Some apparatus is provided with a oiroular scale V, 
ав shown in the figure, by which the inclination of the plane of 
A may be directly measured in degrees. 


A heavy and smooth metal reller R is provided with a hook to 
ewhich is attached a string. The string runs parallel to the surface 
of the board and after passing over a smooth pulley P it carries E 
Scale pan at the other end. A suitable load may be pub upon tha 
soale pan to stars the up-gradient motion of tho roller. 


Procedure—At the starb clean the board and the roller if found 
‘dusty or moist, Find the weight of the roller with its frame in a 
‘balance correct бо nearest decigramme, Take the weight twice and 
find their mean. Let the mean value of the weight be P. Alco find 
the weight of the scale pan in a similar way. Fix up the plane 
A to any convenient angle. Then tie a thin string between the 
roller and the scale pan and pass it over the pulley. Then holding 
he string in hand so as to prevent the roller from sliding down, 
add weights on the scale pan во as just to check the downward 
motion of the roller. Let the total load ab the end of the string 
carrying the scale pan, including tbe mass of the scale pan, be Px. 
‘Then slightly increase the load so as just to move the roller up the 
plane. Let the total load be Pg. The mean of these two loads may be 
taken as the equilibriating force P. Repeat the procedure tbrice 
and take at least three readings of P for this particular slope of the 
plane, Change the inclination of the plane a few times and tabulate 
your observations. 

Results— 


_————————————— 


2 
M &| Vertical | Length | P, | P, P= | Massof 29 
>Я) height | of Plane (P,+P,)| roller h P | 8S 
453 MA 1 wW "d |у | 25 
5| inch. | inch. | lb. | Ib. 1b. Ib. 58 
aA 
т=ш=... 
5 6 | 285 "A | +15 "146 81 "25 | :24 | 4% 
3 8 д 17| 11} Тоз шо] | Зз | 89, 
5 | 10 ae 13 | 135 152 ZO da s |ав» 
—LÉá—— Lm] 
Discussions—Th 


e ideal values for mechanioal advantage are the 


a the plane to its length and for different inclina- 
tions these values are sh 


ipsu own in the 8th column, Tho observed values 
are sbown in tbe 9th column, . The ideal values cannot be attained 
in the experiment due to friction at the pulley and the roller, 
шь pus ara designed sio have a minimum friction. In a 
Specially designed apparatus, the observed ithi 

dope a rved values are within 3 to 4% 

In gome simpler from of apparatus, there is iroul 
Bub there is а verbical upright in Place of this йн. "T this [^^ 


ratios of height of 
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the verlcal height № is measured witha metre scale and the angle 
between the boards Їз obtained from the tangent of that angle. 


OBAL QUESTIONS 


Define velocity ratio and mechanical advantage. What is the relation between 
Velocity ratio and mechanical advantage in an ideal machine? What are effort 
and resistance in a machine? What is the necessity of having as little friction 
as possible in an inclined plane apparatus? What із the mechanical pdyantage 
of an inclined plane? How can you support efficienoy of a wedge or a jackserew 
from the standpoint of an inclined plane? 


Friction Brake 


The friction brake is, iu principle, a method by which the work 
done by a machine in a definite interval of time 
may be estimated by employing some sort of friction. 
In simple form, the apparatus consists of a leather 
rope or belt B carrying a stout spring balance S or 
an equivalent apparatus at one end and a load of 
known mass W at the other. (Fig. 101). 

The spring balance is fixed to a rigid support 
and the balt is slipped over the flywheel F of 
the machine. When the machine does nof run, 
tha flywheel is stationary, and the spring balance 
records a force in some units equal to the weight of 
the load, of course neglecting the mass of the belt. 
Now supposing that the flywheel is perfectly smooth, 
there is no friction between the belt and the rim of 
the wheel, Insuch a case the spring balance would 
record the same weight even if the fly wheel is running. 

But in reality there is always some friction coming in and when 
the machine runs ab some constant sped in the direction of the 
arrowhead the spring balance would record a force greater than the 
weight of the load, Let the reading of the spring balance be T 
and the weight of the load be M, both in pounds weight. when the 
flywheel runs ab а speed of n revolutions per minute. The force of 
friction is Т— М pounds weight. If the radius of the flywh:el is r 
in feet, then the circumference of the wheel is 27r ft, In one revo- 
lution the force of friction moves through а distance Tar, Thus 
work done 77 in one revolution is given by, 

W -9zr(T— M) ft. lbs. 
3 the amount of work per unit interval. Any point 
el moves through a distance 27rn ft. in one 


Fig. 101 


The power i 
9n the rim of the whe 
minute, 

Power of the machine = £ra(T — M) (6. 168, per minute. 

Since one Horse-Power is 550 ft, lbs. per вес, the horge-power 
(H.P.) of the machine is given by. 


enrn(T— M) in p pg, unit 
Hp eS oo Е.Р.8. unite. 


` 
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-. If the power in watts is required, since 1 Н.Р.= 746 watts and 
1000 watts=1 kilowatt, 
= 2nrn T- M) 


HP.= O00 X'146 in kilowatts (C.G.S. units.) 


Date— EXPERIMENT 52 


To determine the Horse-Power of an Electric Motor 
at normal Load 


Theory—If r be the radius of the flywheel or the coupling wheel 
of a motor and if іб runs at at a normal speed of n revolutions per 
minute with a brake force of P lbs. then the horse-power (H P.) of 
the machine is given by, 


9vrnP 
H-P. = S000 
Apparatus— Ап electric motor designed to run sb a speed of 
720 r.p.m., friction brake apparatus, a speedometer calibrated in 
r.p.m. 


The friction brake apparatus consists of a stout and heavy base 

B to which two vertical uprights CD are 
rigidly fixed. The uprights carry а crossbar 
EF which can be slided up or down and 
clamped anywhere (fig. 102). Two spring: 
balances S, and Se calibrated in pounds 
weightare hung up from the cross bar 
with two adjustable blocks. The lower ends 
of the balance carry hook to which belts of 
suitable sizes can be fastened. The base 
carries screws and bolts for the fixing up 
the motor M under observation. 


Procedure—At first fix up the motor 
rigidly to the base AB if necessary. Then 
turn the switch on and examine whether 
Fig. 102 the motor runs at no load. Disconnect the 
switch. Ооппес the speedometer to the 


shaft and adjust the heigh i 
a light 
presses upon the Ay wheel, i ib а, ои 


Now turn on ths Switch again and observe the speed 

Г реейошебег, 
which works densely, record a higher speed of revolution with no 
load, now indicates lower speed with inoreasing load. Slowly raite the 
crossbar and observe the readings of the speedometer. When the 
speedometer indicates the correct speed, clamp the crossbar. Then 
take the readings of the spring balance. Readjust the crossbar and 
repeat the observations when the speedometer gives the correct 


reading, 
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Results—(A typical веб of results given here.) ‹ 
Diameter of the fywheel=6 inches. .. radius- 25 ft. 


Reading of | Difference Obser 


Speedometer | Reading of 


ved Mean 


reading in | balance S, | balance S, | of readings 
r.p.m. l.c b, at 1b. Н.Р. Н.Р. 
| e 
720 9a 146 146 | 0:49 0:50 
Ae 2:3 147 147 | 059 
Bisous i. urs corii ger suo en 


Discussions—Since the dynamic friction between the belt and 
the flywheel fluctuates slightly, the pointers of the balances as well 
аз that of speedometer-vibrate abou’ some mean mark. So readings 
are to be taken by eye-estimation. 


ORAL QUESTIONS 


What is meant by the term Horse power of a Machine? How is the horse 
power roeiated with the efficiency of a machine? If Cesigned to run with an 
optimum load, would the horsepower change if the load is increased or decreased ? 


If so, why? 


APPENDIX 


Use of Rider in a Balance 

It the physical balance is very sensitive, an attempt to weigh 
a body by the method of oscillations proves very troublescme due 
to the following reasons :— 

(i) When the beam oscillates, the damping of the oscillations 
is so small that the successive readings of pointer on the scale are 
very nearly the same. Modern balances are designed to have shorter 
beam and so oscillations are comparatively quicker, In the circum- 
stances, 16 is difficult to record the turning points of the pointer 
peser] Weight boxes are provided with 10 milligrams or 5 milli- 
grams as the lowest ‘weights’. For sensitive balances change in 
resting points by placing an extra load cf this weight may not be 
asourately determined. ae | 

(ii) The method of oscillations needs the determiration of 
resting point at each step which invclves calculations and so the 
process is lengthy. m. 

To avoid these troubles, в rider’ may be used more conveniently 
when weighing. The ricer Risa small piece of thin wire generally 
of platinum and is of & definite mass bent in the form of a loop 
with two legs as shown in Fig 103. It can be mounted upon the 
balance beam with its legs on opposite sides and so is the name 
‘rider’, A balance, designed for the use of a rider, has got equi- 
distant graduations on the beam. One mode of graduation consistr 
in each half of the beam being subdivided into one hundred equal 
divisions, beginning from the centre of the beam as zero and ending 


158 z INTERMEDIATE PRACIICAL PHYSIOS 


just above the stirrup аб 100 The rider of this type of balance is 
generally of a mass of 10 milli- 
grams. In another mode of 
graduation, the whole length of 
the beam is subdivided in 100 
divisions. the fulcrum being at 
the {Oth graduation. The rider 
used with a beam of this type 
has generally a mass of 5 milli- 
grams. The mass of the rider to 

Fig. 108 be used with a balance depends 

upon its sensitivity. 

To operate the rider, there is a rod having a curved hook H at 
its end and capable of being slided through a hols in the balance 
box. This rod is slided to the required region and by slightly 
tarning it, the rider is raisei up from any point of the beam by 
the hook and may be placed at any other point. 


To use a rider with a balance when its beam is graduated having 
its zero mark at the centre, the rider is first placed at the zero 
position just above the falcrum. At this position the rider ls per- 
fectly balanced on the beam. Then the beam is raised up and the 
oscillations of the pointer are examined. If unequal oscillations 
about the zero of the scale are observed, the nuts at the ends of 
the beam are suitably adjusted to get equal oscillations about the 
z2ro point. This is calied the zero adjustment of the balance. 

Next the body !s placed on the left pan and by repeated trials 
suitable ‘weights. from the weight box are placed to counterpoise 
the body as much ss possible. Under this condition the point would 
oscillate on the scale but the oscillations would generally be unequal 
abont .Zero. If larger oscillations are obtained on the right, the 
beam is lowered and the rider is shifted by the rod to the right on 
any graduated mark and again the oscillations are examined. If still 
unequal oscillations are found, then by repeated trials the rider is 
placed on such a graduation so that equal oscillations abcut zero is 
obtained. Care must be taken to lower down the beam before 
shifting the rider, 

Suppose that the total mass of the ‘weights’ placed be M gms. 
and the tider is on the sth graduation on the right side of the beam 
for equal oscillations, Then if m be the mags of the rider in gram 
weight and total number of divisions on the right side of the beam be n, 
then the mass of the body ig (м+ m 


the total mass of the weight З 1 
aE ind "01; d, "fe DE 8 On the pan be 828 gm., and the rider 


1 ‚18 Placed on the 48th, division on the right side 
beam having 100 divisions on each half, "Then the rider contributes 
10543" 0048 Em. Then the mars of the body is 8'2848 gms. 

И, on the other hand, with the 
the pans, the oscillation are greater 


-8 ) gm, Ав an illustration, let 


body and suitable weights on 
on the left, the rider is to be 


—_ 
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shifted on the left side to get the exact balance, In that case the- 


mass of the body is (м-в :) gms. 


When the balance has a beam ecale beginning from exireme left, 
the rider is to be placed on zero at the left end of the beam. Then 
with empty pang, equal oscillations are to be made by adiusting nuts. 
Then the body is placed on the left pan and suitable ‘weights’ on. 
the right till oscillations are obtained on the scale but oscillations. 
are larger io the right. This condition must always be attained. 
Then by repeated trials the rider must be placed on a graduation to- 
get equal oscillations. Leb P be the total mass of the ‘weights’ in 
gram weight and m be the mass of the rider which is placed on the 
graduation on a scale having л number of divisione, then the astual 


mass of the body is (e+ Xs} gms. 
т 


Theory of the Method—Firet consider the balance beam having. 
zero mark at the centre. If the rider of mass ™ gm. be placed at 
the centre, the moment of the mass of the rider about the fulcrum 
is nothing. If again the rider is placed at the last graduation on 
any end of the beam, the moment of the mass of the rider is mx? 
gm. om. whore J represents the half length of the beam. Let one 
small division of the balance beam be of length з ош, ; and п bo the 
number of divisions in one half of the beam, Then sxn=1 Similarly, 
if the rider be on rth graduation, then the moment of the rider 
mass about fulerum is mxsXr gm. om. 

Now consider that with a body of mass P gm. on the left pan 
and a total mazs of the ‘weights’ on the right pan together the rider 
on the rih graduation on the right the beam ів in equlibrium. 
Then about the fulcrum, 

Moment of the mass of the body 
=Moment of the macs M of the weights " 

+ Moment of the mass of the rider. 


. pxi-Mxitmr- MX meh 


whenor P=M+m— oe GR 


eration, it can be proved that if the rider 


From a similar consid 1 
to the left, then other considerations being 


be on the rth graduation 

similar, 

Pim =M on P-M-mT- E qus 
n 


Applying the law of moments to the balance having its beam 

graduated from the extreme left, it can be shown that in all cases 

P=M+m— 00) 

where л represents the total number of divisions on the beam and 
the rider is on rbh graduation from the extreme left. 


CHAPTER 1V 
EXPERIMENTS ON HEAT 


Heat 


Heat is defined as the physical agency which produces the sen- 
sation of hotness or coldness, The fact that different forms of energy 
ior example, mechanical, electrical, msgnetic or luminous, can be 
converted into heat, proves that heat is another form of energy, The 
kinetic energy of vibrating atoms and molecules within material bodies 
manifests itself as heat energy while in free space the propagation 
of heat takes place in the form of electro-magnetic waves. 


There are various sources from which heat may be derived. Of 
these the sun is the principal source. Heat is evolved in many ohemi- 
cal reactions and mechanical processes such as friction, collision or 
compression. Electric current flowing through a metal wire gene- 
rates heat as in electric lamps and heaters, In a few cases heat is 
produced when a substance undergoes a change of physical state, 


Effects of Heat 


When heat is applied to a substance, one or other of the follow- 
ing effects may be produced— 


(a) Change of Temperature.— When heat is applied to a body, 
it becomes heated. We then say that the bcdy rises in temperature 
in relation to its surroundirgs, It is then in a condition to impart 
heat to other bodies colder than it. Conversely, when heat is taken 
out of a body, it grows colder than its surroundings and so it is in 
a condition to receive heat from bodies hotter than it. 


з (b) Change of Volums.— Along with its rise of temperature, it 
is generally found that a body expands while heated, Conversely, 


along with a fall of temperature, a body is found to contract in 
volume, 


А (c) Change of State.— When а solid bedy is continuously heated, 
its temperatura rises till 16 begins to melt. Here the temperature 
is arrested during the period of melting, although heat is being 
absorbed by the body. So heat is required for the meltirg of the 
substance, Again when a liquid is continuously heated its tempera- 
ture is raised to the boiling Point and the liquid gets vaporised, 
The heat applied is utilised in vaporitirg the liquid without changir g 
the boiling point temperature, All these are changes from one to 
the other condition due to the application of heat, 

(9) Change of Physical Properties.—Properties like elasticity ої 
solids, surface tension, Solubility, heat and electrical conductivities 
thermo-alectric power etc. are affected by a change of temperature. 
Temperature : 


Temperature is defined ag th 


a e thermal iti i 
Astermines whether a body wou аша! сопдійоп of а body which 


là communicate heat to or receive 
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heat from anobhar body if put into thermal contact with each other. 
If heat passes from one body A to another body B when put into 
‘eantact then A is said to have a higher temperature then B. In 
brief, the hotter is a body, the higher is its temperature ; while 
the colder is the body, the lower is its temperature. 


Thermometer : 

A thermometer is an instrument which mezsures 
and compares temperatures of different substances, 
In constructing a thermometer use is made of some 
principal property of a substance, which changes 
continuously with the application of heat. The change 
in volume of mercury or alcohol is the most common 
Property utilised in ordinary thermometers. But very 
sensitive thermomoters ara of electric resistance and 
tharmoslectric types. 

Mercury-in-glass Thermometer—A mercury ther- 
mometer consists of a glass tube having a uniform 
capillary bore (Fig. 101). The capillary tube is provided 
with a bulb at one end and is sealed at the other end. 
The bulb ahd a part o! the stem are filled with pure 
and dry mercury. The space within the capillary bore 
above mercury contains а little mercury vapour and 
nothing else, When there is a change of temperature 
of the bulb, the volume of the contained murcury changes, 
as shown by a riso or fall of mercury level within the 
stem. The stem is graduated in accordance with some 
standard scale so that each division represents en equal 
change of temperature. There are three scales of 
temporature—(i) Centigrade or Celsius (ii) Fahrenheit, 
and (iii) Reaumur. The lower fixed point of each scale S 
is the temperature at which pure ice melts ab normal Eon 
pressure and the upper fixed point is the temperature at ; 
which water boils at a pressure of 76 cm. The following table furnishes 


& comparion of different scales— 


Number of divisions 


Scale Ice point | Steam point heinen Azad paints 
00° 100 
Contigrade (0) 0° 100 
Fahrenheit (F) ye ar 80 


Reaumur 


Mercury boils at 357'0 and freezes at—89°C under standard 
atmospheric pressure of 76 cm. So it can be used вв а thermometrie 
substance for a fairly long range of temperature within these limits. 
Tt is a good conductor of heat and has a low thermal capacity. The 
expansibility of mercury with temperature is uniform and the vapour 
Pressure of mercury is low for ordinary rarge of temperature. For 


P. P/11 
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all these considerations mercury is considered as the best liquid for 
the thermometric surstanca. But when a temperature lower than 
—30°0 is to bə measured, an alcohol thermometer is used, since 
alcohol can remain in a liquid state even at a temperature of 
—130°0. (Fora more detailed study of thermometers vide Basu & 
Onatterjee's Intermediate Physics, Heat, Chap. 1). 
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To Determine the Fixed Points of a Thermometer 
(a) Freezing Point 


Theory—The lower fixed Point of a thermometer or more com- 
monly known as the ice point is the temperature at which pure ice 
melts under ordinary atmospheric pressure. 
This temperature is fcund to be sersibly constant 
being very little atfected by & moderate charge 
of aimospher:ic pressure. This temperature ig 
°С according to the Centigrade scale or 82 F 
according to the Fahrenheit scale,- 


Apparatu:—4A thermometer (Centigrate or 
Fahrenheit) a glass funnel, a stand with a ring, 


а lump of ice and a clamp to hold the termc- 
meter. 


Procedure— Wash the funnel F and place 
15 on the ring just above the glass beaker B 
(Fig. .0.). Take a lump of ice, wash it in cold 
Water, wrap it up with a piece of towel and 
afterwards pound it to emall pieces, Fill the 
funnel completely with pounded ico. Ary water 


х formed by melting ice is collected in the beaker 
Fig. 105 placed underneath, 


Make в small bole in the ice rear the midéle of the 
means of в thin glass год. 


Pack ice Occasionally 
в good contact with the bulb. 


As soon as the:bulb is placed in ice, the level of mercury within 
the stem begins to fall. Record tha tem peratures at an interval of one 
minute by observiog along the level of the mercury :urface. This 


*The thermometer must not be used to bore th> holo within ice, because 
the bulb of the thermometer. which is made of thin glass may crack in suh в 
case. 
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avoids parallax error. Apply eye-estimation whenever mercury level’ 
stands batwean any two successive graduations. Ulsimately a tempera— 
ture is attained which does not appear to charge with time. Continue 
taking readings for 5 to 10 minutes at the stationary region to be- 
sure of the constancy of temperature. This constant temperature» 


gives the lower fixed point. 


Discuesion—Care must be taken co that đurirg tbe course of 
observation the bulb of the thermometer is always in direct contact 
with ice, as otherwise the bole containing the bulb grows bigger and: 
a thin film of air is formed between theice and the bulb. The air 
being a bad conductor of heat does not allow the temperature of 
the bulb to attain the temperature of the melting ice. This i; done by 
occasionally packing ice round the bulb. It is convenient to uso 9 
magnilying glass in order to read the mercury head of the 


thermometer. 


Resulfs 


Apparent True freezing (ecrit 
Ti mperature freezing point point он 
ZU °б eg 
1 

Р А 

а 01 o*o —0'1 

i 

3 

5 

a 


The correct reading for the freezing point should be 0°C or 33°F. 
Bat generally for ordinary thermometers, the observed reading is a 
little above or below the correch reacing. Hence & correction igs 


necessary which is the true reading minus the observed reading, 


Boiling Point 


Theory—The upper fixed point or the boiling point ів that tem 
Perature as recorded by thermometer when its bulb is placed im: 
steam given off by boiling water under an atmo:pheric pressure of” 
76 om. of mercury. Тпія temperature is 100°C according to the 
Centigrade scale or 919°Е according to the Fahrenheit scale. As the 
temperature of boiling water, even ata pressure of 76 cn. of mercury 
slightly changes due to dissolved impurities and contamination of the 
boiler, the bulb of tha thermometer is not put into tne boiling water 
but із kopt up in steam whose temperature depends upon the, 


Pressure only. 
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Apparatas—A hypsometer, a thermometer, a barometer and some 
quantity of, pure water, 


A hypsometer consists of a metallic vessel P, called the boiler 
"provided with two vertical co-axial cylindrical tubes J called jackets 
(shown in section in Fig. 106), The inner tube opens into the 
“annular space between the jackets. An exit pipe O is fitted on to 
the outer jacket. There is another opening аб the lower part to 
‘which а manometer М to read the inner pressure may be fitted. 
ЈА stopper О is provided st the top having a vertical hole through 
which в thermometer can be inserted. A hypsometer as ib looks 
externally is shown in Fig. 107. 


Procedure—At the start open the stopper of the hypscmeter and 
pour water to about half the 
volume of the boiler, 


Insert a thermometer through 
the hole of the stopper to such 
а length that its bulb remains 
above the water level. If neces- 
sary, wrap up the thermometer 
with a pieco of paper bofore 
insertion to make it tightly 
fitting in the hole(t), Fit the 
Stopper on to the top, Place 
the hypsometer upon a tripod 
stand and apply heat with a 
Bunsen flame till water begins 
to boil. Record the readings of 
the thermometer at intervals 
of one or two minutes. It is 
found that the mercury head 
rises continuously and then 
becomes stationary near the 

Fig. 105 Fig. 107 top of the stem, Take the 

Baromat Th atmospheric pressure with а 
babi S 9 temperature at which the mercury head becomes 
вілЛолагу gives the boiling point corresponding to the observed 
,Dressure. Read the mercury level avoiding parallax and applying 
Pu Scy Oaloulate the true boiling point at this pressure from 
„a theoretical formula and find the necessary correction which ig 
‘tho true steam point minus the observed steam point. 


*Tho height of watar within the hypsometer may be ascertained by intro- 


ducing through the top a clean rod and 
been moistened. and examining what length of the rod has 


§A moderately tight fitting of the thermomete: 
ake кане. Aa not slip $e the 100th min; eaa ae та 
105 өзсаре roug a space between thi 
ааа ermometer and the cork to fog tho 
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Thermometer Readings— 


—————— 
5 Observed True Bt 
Time Temperature Sisam, point poi Soa Correction 
_ ——— 
min. eg °0 °С | EU 
0 21'5 
2 B05 
4 980 i 
6 989 ki 
8 9993 È 
10 999 ( 8 | 
A. 9 999 99°96 99:96 - 99:9 
10 999 ) = =006 
ae А a 
20 99'9 
и -. ————-—-——-—— ——————7 
„== ———=—=—————————= I 
Barometer Main | Nermal Correction True 
No. of ; 2 int 
d Readin, pressure (76—P) x | Steam poin 
Beading RS A cm. : | em. '81 °O me} 
— EA ме El cho | 
р 75:960 100- 04 
2. 75:960 | 160 004 —99:06 
3 | 75909 | i 
—————— 


| 
BUR uS, ЧЫНЫП n RP ен RD 
Discussions —The bulb of the thermometer should remain a little 
above the water level within the hypsometer since the temperature 
of the steam at a given pressure is constant while the temperature 
of boiling water might vary due to various reasons. The water’ 
should not be allowed to boil too vigorously within the hyprometer, 
as otherwise the steam pressure within if would be sufficiently, 
8reater than the atmospheric pressure and consequently the boiling: 
Point of water would be raised affecting the result. 
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e Upper Fixed Point of a Thermometer- 
and the Correction due to exposed Column 


== ег fixed point of a thermometer is defined em 
e to posu of the issuing steam from water boiling: 
under normal atmospheric pressure of | i6 cm. of mercury. This: 
temperature on the centigrade soale is taken as 100 which is indi- 
cated by an accurately calibrated thermometer when the bulb and 
whole of the stem is immersed in steam, For the stem to be 
partially oat of steam, the thermometer reads a little less than 100 
in proportion to the length of exposed stem. 
Apparatus—A hypsometer, a barometer, a thermometer and 
i f water. 
тше ane em the boiler about half with water and insert the 
stem of the centigrade thermometer into the hysometer through the 
hole in the stopper во that the whole of the stem upto nearly 100° 


To Determine th 
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ds enclo:ed within it. Heat the boiler till steam is given off 
continuously. Note the reading of tho thermometer with a good 
magnifying glass when the mercury head becomes steady. 

Raise the stem of the thermoneter until graduations betweea 
290° and 100° are exposed. Wait a few minutes until the mercury 
‘heal again becomes steady and take tho reading of the thermometer 
swith the magnifier. Repeat observations with the stem exposed 
"from 8) upwards, from 10 upwards and so on, till the whole stem 
“from 0° to 100° becomes exposed. It is found that the readings of 
‘the thermometer for the boiling point continuously record a slight 
‘fall as ths exposed column із increx3e], 

Draw a graph with the length of exposed columa ag ordinate 


sand the corresponding boiling point as abscissa, which is found to 
бе а strai, ht line. 


Results— 
q 


x No. cf Range Stem Thermometer Correction in 
Readings Ы) exposed ae og! E ?*0-c 
ib 100 - 90 m 99°9 0 
2. wee ove eee э, 
10, 10-0 i 997 03 


=——— = ———==— ананнын c| i a) 

Discussions— The difference in the levels of mercury within the 
‘adem as the exposed column is changed is due to the fact thab 
mercury within the stem and the bulb is not at the same temperature 
‘©ausing а change in the volume of mercury. 


‘Expansion of Solids 


When a solid is heated, it expands in all direction», although the 
“©xpansion is usually very small. The increase in length of a body 
ds called the linear expansion. The increase in area is called 
“Superficial expansion and that in volume the cubical expansion. 


The inorease in length of a body is found to be proportional to 


"the original length of the body, to the rise of temperature ard it 
<depends upon the material of the solid. 


" The Coefficient of linear expansion of а colid is defined to be the 
dnerease in length Per unit length of the material for a rise of 
temperature of UC from 0*Q. This co-efficient in care of a solid 
‘is found to be fairly Constant for a moderats ravgs of temperature, 
If le and 1, reoresent the lengths of the гой at (^O and 0°C, then 
Фу detinition, 


Go-afficien’ of linear expansion =q =1 — la 
lot 
ог, 1, =, (1 +<) 


ze бу ша lı represent the lengths of the rod at /;,"O and 
ity : 
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Then кычы) and 1, =lo(1 + xt). 
So by Lette (qur nt 
u^ ira (14 «t3) (1 «1) 
Now « for solids із found to be of the order of 1075 per °C. 
Hance X? із of the order of 10^? per °С. So higher powers of 
< may be neglacted in the expansion of (1+ «£,)^* 
г 
Á та) l-*«(ta— tı) 
1 
leah = ineroaso i^ langth (0) 
10а = 01) origiuat length X rise of temp. 
Liquids have grea&er expansibility than solids; gases have stiil 
greater expansibility. 


Whence «= 
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To Determine the Co-efficient of Linear Expansion 
of a Rod by Pullinger's Apparatus 


,lüeory—If l, be the length of a rod at the room temperature 
taO, and la be its leagth a5 some higher temperature ta°0, then the 
efficient of linear expansion « of the rod is given by the relation 


1103 — ta) 
Apparatus —Pullioger's apparatus, spherometer, 
thermometers, a boiler and some rubber tubing. 


The apparatus consists of а motal cylinder 
R closed at two ends and held vertically in an 
wooden frame О (Fig. 103). In some other 
form, the rod under investigation is enclosed in а 
steam jacket. The pipe is provided with two 
Openings, one near the top and the other near 
the bottom, which serve as the inlet and outlet 
for steam. There are two other inclined side 
tubss through which two thermometers can be 
inserted to determine the temperature of the 
Pipe. The stand is provided with а glass 
plate P at its top. The top of the pipe projects 
а little through а hole соб at the centre of the 
plate, А spherometer can be placed on the 
glass plate with its central leg touching the pipe. 


Procedure—Measure the lergth of the pipe 
Еа anehe 000 temperature 
Correct to the nearest millimetre. Fit up the 
pipe vertically on its stand ard place the 
usual glass plate at the top. Put a boiler con- 
tainiag water upon & tripod stand and connect it 
by a rubber tubing to the upper spout of the Fig. 108 
pipe, Оолпевї one end of another piece of rubber tubing to the 
lower ezib spout and dip the other end into а vessel containing 


a metre scale, two 
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water. Fit up two thermometers into two other openings as shown 
in the diagram. Take the readings of the thermometere ; their mean 
value gives the temperature of the pipe when cold, 

Observe the total number of divisions on the circular head of the 
spherometer supplied Get the value of the smallest division of the 
vertioal scale attached to the spherometer stand. Give the circular 
head a complete turn and note through what distance the edge of the 
circular disc moves. This distance is called the pitch cf the sphero- 
meter screw. Then the pitch dividei by the number of divisions on 
the circular heads gives the least count of the spherometer. (For 
details vide Expt. 6). Place the spherometer upon the glass plate 
such that its outer legs rest upon the plate. Rotate the sphero- 
meter head so that the middle leg just touches the upper end of 
the rod and take the reading of the spherometer in the position. 
The position of contact should be ensured by the slight spinning 
motion of spherometer. Record three such readings for the same 
point of contact and find the mean Value. 

Now raise up the middle screw of the spherometer sufficiently 
and heat the boiler over a Bunsen flame. The temperatures as 
recorded by the thermometers are seen to rise continuously, When 
the temperatures, as recorded by the thermometres, become 
stationary for at least 10 minutes, screw down the middle leg of 
the spherometer again so as to touch the upper surface of the rod at 
the same point and take the reading of the spherometer. Record 
three such readings and find the mean value. Take the readings of 
the thsrmometers ; their mean value gives the temperature of the 
pipe while hof. This chould be very near . 00°, 

Results—The mean length of the rod at the room temperature 
as measured with a metre scale=100'2 om. (say) 

(Three readings for the length are to be taken) 

Room temperature ag recorded by 

the upper thermometer = 29'6°O 


"a n » lower n 7290 
++ mean room temperature -99'95*0 
The pitch of the spherometer screw =0°6 mm. 
he number of divisions on the circular scale =100 
*. the least count of the spherometer =0005 mm, 


To record the readings of th hi 
ter at the room tempera- 
fare and those the hi Satur diii i i 
should bo аге gher temperature direction a3 given in Expt. 6 
The mean initial reading of the spherometer 72226 mm, 
DEOS d Lans " 5 E =3665 mm, 
A e elongation of the rod —- 1440 mm. —'146 om. 
Higher temperature ag recorded 


by the upper thermometer = 98°5°O 
er n =97:5°0 
= 98° 


” 


n ow 
mean higher temperature 
q = 


Ba DM E E ү 
1009098 — 99°25) =! 9 X 107° per °O, 
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Diseussions— When recording а веб of readings with а sphero- 
meter care should be taken to see that the spherometer does not 
move bodily so as to alter the point of contact with the rod because 
the upper surface of the rod may not be exactly a horizontal plane 
and so an error would be introduced in measuring the elongation if 
the point of contact shifts. When using a metal pipe instead of a rod, 
arrangements should be done to cover it with fel& or cotton in 
order to minimise the loss of heat by convection and radiation as 
otherwise the outer surface of the pipe would not be at the same 
temperature as its inside, 

ORAL QUESTIONS 


What is meant by coefficient of linear expansion ? In measurirg the 
cosfficieat why you are not conside-ing the length of the rod at zero degree 
centigrade’? Will its value change if the length of therod be measured in teet 
Or centimətres? What difference in value o! the coeffücient takes place ifa 
Fahrenheit scale is used instead of a Centigrade scale? Would there be any 
difference in the value of tho coefficient if instead of a solid rod a hollow pipe 
Of the sama material is used? What would be the trouble if the Jower pipe is used 
as the inlet for the steam? Doss it make any difference in the accuraoy of 
Measurement when you measure the length of the rod with an ordinary metre 
Scale whilas you measure its expansion with a spherometer? Does this 02- efficient. 


change with different materials ? 
Date— EXPERIMENT 56 


To Measure the co-efficient of Linear Expansion by 
Vernier Microscope 


be the lengths of a rod at temperatures. 


Theory — If 7, and ls o r 
then the mean cocficient of the expanrion: 


54 "0 and t4*0 respectively, 
is given by the relation, 
lg- li 

4=—2—1 

lulta- ta) 

Apparatus—A metal pipe with heating arrangemerte, 8 metre 

Scale and a beam compass, а pair of vernier microscope, boiler and 


Connecting pipes, two thermometers. 
s consists of a metal pipe, AB open at both ends. 


st pipa ab the middle (Fig. 109). 18 is wrapped up 
ducting substance 
to preserve 
as much as 


per °O. 


The apparatu 
and having an outl 
with soma noncoa 
such as felt, cotton etc. 
the heat supplied to it 
possible. Two scratch marks are made 
at the ends of the pipa. There are 
two vernier microscopes М: and Ms 
which slide over & horizontal scale 
fitted to a suitable stand. 

Procedure — Measure the length 


between two scratch marks M the 
end { the pipe with a beam Mi 
eee or a matre scale correct to the nearest millimetre, If scratch 
marks are not tbere, knot two pieces of thread near ab ends and 


Fig. 109 
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find the distance between the knots with the beam compass correct 
to the nearest millimetre. 


Fis up two thermometers within the holes on the pipe. If the 
shermometers fit very clack, steam would escape through the inter- 
Vening врасз and may fog thermometer graduations. In such a case 
wrap up the thermometers with pieces of paper and refit them into 
the holes. Connect two rubber tubes to the ends of the pipe from 
%пе boiler and another tube to the exit port for steam, Immerse the 
other end of this latter tube preferably in water in a pot. 


Get the value of the smallest division of the main scale over 
which the microscope slides, Bring vernier zero line in concidence 
with any main scale graduation and count the number of vernier 
divisions which are equivalent to the number of main ecale divisions. 
Hence find the vernier constants of both the microscopes (vide Exp. 7) 
Focus the cross-hairs of the microscopes by adjusting eye-piece 
alone Now adjust the positions of the microscopes such that the 
scratch marks are below the object glass of the microscopes and 
then focus the scratch marks by operating the focussing screws. 
When the scratch marks are distinctly in focus, slight lateral move- 
ments of ths microscope are necessary to bring the scratch mark 
exactly in coincidence with the cross-hair. Now take the readings 
of the verniers and the readings of the thermometer, Then heat 
the boiler and pass steam into the pipe from the boiler. Tbe 
thermometers record a rising temperature and when the temperatures 
become steady, read both the termometers. Focns the microscopes 
again on the scratches and read verniers. The difference of vernier 
readings at each end of the pipe gives the elongation at that ond. 
The total elongation is evidently the sum of the elongations of the 
two ends. 

Results— 


The length of the pipe between two scratch marks 
= (1)......ош. (ii)... oem. (iii)......0m. 


Steady high temperature =(i).. 
ean high temperature=......°C 
Least count of the Vernier=......cm. 


_—_—_ 


Original Reading Final Reading 


Diference 
m. 
M.S. | V.8. RN Ms. | vs. Total : 


em. 


Vernier 1 esè 
Vernier 2 ves 


. Hen:e total elongation =... +...cm. 


e GS 
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Discussions – The accuracy of results obtained depends upon 
the accuracy with which the expansion is measured. The ruber 
tubes and thermometers are to be fitted with the metal pipe before 
@ny reading is taken. Any mechanical adjustment done later would 
alter the reading of the microscopes and £0 the pipe must not be 
touched after starting to take reading. It may sometimes happen 
thas one of tha thermometers does not indicate a rise of temperature. 
Tuis due to the clogging of water within the rubber tubing of that 
ni Tha clogging must be cleaned up for a successful experiment. 

vernier microscope may read accurately upto one-thoucandth of a 
centimetre. 


ORAL QUESTIONS 


In addition to the questions of previous experiment: Why do you call your 
t expansion? If tho tube of vour experiment be 
replaced by a solid rod of the same material, wou'd the value of coefficient of 


expansion change? In the spherometer method you have to measure the oe'onga- 
longation of 


path ends; do you think that their values for the same matorial would te equal t 
n the Pullinger's appratus and vernier microsocpe method, which one is, according 
о your opinion, more accurate and why? 


Rotation of a Mirror 


It is known from the principle of reflection of light in Geo- 
matrical Optic: that if a mirror rotates by ап angle, tho reflected 
beam of light from this mirror rotates by double the angle. This 
device is utilised in measuring a small increase of length of a rod. 


Date — EXPERIMENT 57 
To Measure the co-efficient ot Linear Expansion by 
Optical Lever Arrangemeat 


Theory — If e be the expansion of a rod of length l for a rise of 


Fig, 110 Fig. 111 


temperature te tn then the coefficient of linear expansion < of the 
material of the rod is given by. 


4=—— 
Дат ta) 
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If this expansion is measured by an optical lever of arm length £ 
producing a spot shif& of z ons soale placed at & distance of D 
from the lever, then, 

am 


ea == 


2D 
Combining the two expressions, we have 


52 
[eem m CLE 
91D(tg — t1) 


Apparatus—The specimen rod, boiler and heating arrangements, 
lamp, scale and telescope, optical lever, metre scale, two thermo- 
meters. 


Prozedure—Place the scale S attached to tha telescope and the 
Specimen rod R vertical. Place the rod with its holder at & fair 
distance (3 to 4 metres) from the telescope and adjust the height 
of the rod so that its top is approximately at a level occupying the 
middle region of the scale (Fig. 110) Place a lamp at the middle 
part of the soale facing the specimen rod Insert thermometers 
within the holea of rod and note the initial temperatures, 


Fit up the boiler and make necestary arrangement for heating 
the rod bub do not start heating now, Place the optical lever M with 
the pivot at the top of the rod and fulcrum at a fixed level of the 
cover. Look through the mirror of the lever and get the reflected 
image of the lamp. Rotate the lever through в vertical azie, if 
necessary, so that the image of the lamp is along the line joining 
the telescope and the mirror, and at the same time rotate the 
mirror along horizontal axis so that image of the lamp appears 
to be in a horizontal plane. Stand near the telescope and try to get 
the image of the lamp through the naked eye. Finally adjust the 
telescope to get а clear image of the lamp on the cross wires. 
Remove the lamp a little so that scale is well illuminated. The 
Seale ig now clearly visible in the field of view of the telescope. Geb 
the part B o! the soale in the fleld of view (Fig. 111), 


Take the reading of the scale on the crosswires of the telez- 
cope. Let it be тү, Now 


Then measure with a 
D from the scale to the mirror of t 
centimetre. Press the optical lever on 
three dots would be imprinted on it, 
the fulcrum with a fine line and dra 


dot on this line. Measure the length of this perpendicular with 
а diagonal scale or a vernier microssope, Leb it be d 


а piece of white paper, when 
Now join the two dots under 
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Results— 
Length of the rod at the room temp —(i)......... (ii)... ......em. 
Hence mean length of the rod J=......... em. е 
Initial temp. of the rod = (1)...... SOF 7. сј 
Hence mean initial temp t=......°C 
Initial reading on the scale=...... em. 
Final readirg on the scale=...... em. 


Hence @=......cm, 

Distance from the scale to the mirror=(i)—...cm. (ii)...cm. 
Hence mean distance D=...... cm. 

Final temp, of the rod =(i)......°C (ii)......°O 
Hence mean final temp. = fts = ..."""°0, 

Length of the arm of the lever —(i*...... em, (ii)......om. 
Hence mean length d=......cm. 

Hence <=......per *O. 

Discussion—The accuracy with which the expansion may be 
measured in this experiment depends upon the distance of the teles- 
сора from the mirror. Hence by increasing this distance the sensitive- 
ness of the apparatus may be increased to any desired extent, This 
arrangement is a convenient method of measuring linear expansion 
accurately, 

ORAL QUESTIONS 
In addition to the questions of the two previous experiments: What is the 
advantage of using the optical lever at achment? What dces it really measure, 
—a distance or an angle? Suppose you are supplied with two cpt’cal levers,— 
one with a largerarm: which is expected to givo a more accurate result and 


why? А spherometer or а vernier microscope bas а fixed least count, while 
an optical lever has a variable 10156 count: explain the statement. What is tho 


linear magnification of an optical lever ? 


Expansion of Liquids 

Liquids have, in general, larger expansibility than colids for а 
given rise in temperature. But аз liquids have no definite shape of 
their own, always taking the shape of the containing vestel, they 
ро:везѕ cubical or volums expansion only. Different liquids have 


diffsrent expansibilities. 


Real and Apparent Fxpansions—The expansion of a liquid due 


to а rise in temperature is always accompanied with the expansion 
of the containing vessel. If the expansion of the vessel is not 
taken into consideration, then the observed expansion of the liquid 
is oalled the apparent expansion ; whereas the expansion of the liquid 
considering the expansion of the containing vessel is called the real 
expansion. Hence 

Real Expansion = Apparent Expansion+ Expansion of the vessel 
for a given rise of temperature. 

Co-efficients of Real and Apparent Expansions—The оре 
of real or absolute expansion of a liquid is given by, 

real expansion 
У = olumo ab 0 Oxrise of temperture 
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The coefficient of apparent expansion of a liquid is given by, 
' annarent expansion 


volume вв U"U X rise of temperature 


If Vo be the volume of a liquid within a vessel at 0°O and if the 
vessel is heated to г О, then according to definition the real expan- 
sion of the liquid = Voy, the 2pearent expansion of the liquid = Vo?’t 
and the expansion of that part of tho volume of the vessel contain- 
ing the liquid = Vogt, if g denotes the co-efficient of cubical expan:ion 
of the material of she vessel. 

Thus, Voyt- Уо? + Vogt 


whence, y=y/+g 


Date— EXPERIMENT 58 


To Measure the Cc-sificient of Apparent Fxpension cf 
a Liquid by Weight Thermometer Method 


Theory—If the mass of a liquid filling the weight thermometer 
ai some lower temperature t4?0 be W,; and mass of the same liquid 
filling the same bulb at some higher temperature /,"0 be We, then 


yo W,- Wa 
Wa 15—71) 


where у’ = coefficient of apparent expansion of the liquid, 


Apparatus- А weight thermometer bulb end weight box, water 


bath, thermometer and heating arrangements, a quantity of glycerine, 
hot air blower. 


A weight thermometer is a glass bulb with its neck narrowed 
down and drawn to one sida. Types of bulbs are shown in (Figs. 112 


& 113) The technique of bulb blowing is explained in the Appendix 
after Heas Experiments, 


Procedure—4A: the bulb supplied or made in the laboratory is 
blown from clean glass tube, a preliminary cleaning is not necessary. 
Weigh the bulb in a 
balance preferably by 
the method of oscilla- 
tione. Take two or 
three such weights, 
These weights should 
not differ from each 
other by more than 
10 mg. 


Teke а quantity of 
Blycerlne in a porcelain 
Fig. 114 praeire. ine & tripod 

: Stan take a lass 
Сааи filled Nas water. Placa the weight thermometer [s 
cage with its neck Projecting outside and suspend 


Fig. 112 Fig. 113 
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the cage in water so that the tip of the neck of the bulb dips 
under glycerine within a small beaker or crucible (Fig. 11s) 
Now heat the beaker with a burner. Water gets heated and air 
Within the bulb expands and escapes as bubbles through glycerine. 

nen gutficiently hot, remove the burner and the glass beaker with 
Water but do no& disturb the bulb with its mouth dipped fnto 
В1усәгіпе. The bulb gets cooled gradually and sucks in some 
Quantity of glycerine. When no more sucking takes place, place the 
eaker again on the tripod and heat from below. Some air would 
again escape from the bulb. Озо! it again as described previourly 
and some more glycerine would find its way into the bulb. In this 
Way by alternate heating and cooling, fill the bulb completely with 
Blycerine at the room temperature tı О. Weigh the bulb and the 
Contained liquid. Take two or three separate weights by the 
Method of osciliations. The mean of the weights £0 found gives 
he mass of the bulb and the liquid at а temperature of tı (0) 

Take а water bath and place ib above a tripod stand with a 
Bunsen burner below it. Then suspend the bulb , with а piece of 

teal in the water bath with its neck outside water. Clamp or 
вцзропі a thermometer so that its bulb dips well into the water 
atb. Now light up the burner and stir the bath slowly. The liquid 
Hom india’ (etait ig toned to fall by rone. NOW MAE 
®Mperasure. say ёа О, between 30° to 40°C above the room tem- 


Perature ) so as to minimise the flame to such ар 
‚айта the) gpa aa bath remains constant, 


quien that th f th ter 

1 e temperature O o wal 

his would happen when the heat su the water bath by the 
bath due to radiation 


ame is equal to the heat lost by the water 
and conduction. Stir water slowly all the while. Wnen the thermo- 


meter reading is constant lor a> least 10 minutes, the stationary 
©mperature is attained. 

Note the temperatnre which is, say їа О and remove the bulb 
Carefully from the bath. Allow it to attain approximately af tbe room 
temperature. Then take two or three separate weights in a balance 


by the method of oscillations. 


Results— 
Mass of the empty bulb: | 
G) ..gm. (li) ...gm. (ii).....gm. Mean.......gm. (m4) 
Mass of the bulb and glycerine at the rcom temperature t330! 
G) ...gm. (ї).....вш- (i... gm. Mean...... gm. (mg) 


Mass of the bulb and glycerine at the higher temperature ts O 
(ii)... gm. (ii... gm. Mean......gm. (ms). 

with the method of oscillations, the tabula- 
ts with necessary calculations, a8 given on 


(1) 5: gms 
‚ If weights are taken 
tion for the resting poin 
pp. 62 must be entered. 

Then mass of the liquid filling the bulb completely at the room 


temperature 44,707 ms — 7i =W, gm. h 
Mass of the liquid filing the bulb ab is Qemgs - т.) = We gm. 


д Wi- 
-. 1 = Coefficient of apparent ехрапкїоп = ~ t7) рег °О 
Walia 7 tx 


116 INTERMEDIATE PRAOTIOAL PHYSIOS 


sslons—Sinee the determination of apparent expansion of 
a liquid by this method involves the measurement of a few masses, 
accurate weighing is necessary each time, Hence weighing by the 
method of oscillations should be adopted. When filling the bulb with & 
viscous liquid, 16 is very difficult to drive away air ‘bubbles sticking 
inside the bulb. These air bubbles may be removed by alternate 
heating and cooling of the bulb during the period of filling the bulb 
with the liquid. When the water bath is heatcd continuously, the 
bulb does not take up the temperature of the bath spontaneously. 
Consequently ths temperature of the water bath is to be maintained 
constant for about 5 to 10 minutes in order that the bulb and its 
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To Measure the Co-sfficient of Real Expansion of Mercury 
by Dulong and Petit's Method 


Thesry—If h;"&nd he are the vertical hei 
columns at steady temperature #,°0 and 1s? 
apparatus, its base being supposed horizontal, 
veal expansion y of smercury is given by the е 
ha-h, 
анди 
hits — hgt, 

Apparatus —Dulong and 
two oantigrade thermometerg 


ghts of the mercury 
О in the U-tube of tho 
then the coefficient of 
Xpression, 


per *Q, 


Petit'S8 apparatus of a simple form, 
» boiler and heating arrangements, tap 
f1 water connection, and s 
cathetometer. 

A cathetometer is an 
instrument to accurately 
determine a length upto 
about a metre or so, It 
consists of a vertical pillar 
P graduated in centi- 
metres (having millimetres 
аз the least division) and 
fixed upon three levelling 
screws S (Fig. 115), A 
telescope T, provided with 
spirit level L can be 
slided over the pillar and 
fixed anywhere by turning 
the fixing screw F, 


4 


Fig. 115 screw O attached to the 
After fixing up the position ope a inl b I pea 
up and down motion of the Or finer 1: Sea ma: 
be made by the adjusting sere : М 


p— 
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soale V in order to be able to read its Position very accurately and 
it is capable of rotation with the pillar as axis. 

The expansion apparatus in a simple form consists of two L- 
Shaped glass tube: AB and OD connected at the bottoms at the 
region E by rubber tubing, the combination forming a U-tube with 
the connected portion horizontal (Fig. 108). Hach о! the vertical 
limbs is jacketted by a wider glass tube (J,J,) with its end closed 
by stoppers. The jacket tubes are provided with outlets at the 
top and at the bottom. 

Procedure— To set up the cathetometer vertical, place the teles- 
cope with its axis parallel to the line joining any two base levelling 
screws and call it the first position. To веб the telescope parallel, 
it is more convenient to join two base screws by а straight liue 
with a piece of chalk and then to turn the telescope to as to be 
parallel to this line. Now bring the bubble at the centre of the 
Spiri. level abou} one-half the distance by the screw О and another 
half by any ons or both the base screws, Then rotate the telescope 
through 180°, when it again b3comes parallel to the chalk mark and 
call 16 the second position of the telescope. Now bring the bubble 
of the spirit leval at the centre by working one or both the screws. 
Bring the telascops back to its first position and level ib again in: 
that position. In а similar way repeat this procedure в number of 
times until the telescope bas been levelled in these two positions. 
When this is done, placa the telescope perpendicular to the chalk’ 
mark and bring the bubble at the centre by the third levelling 
Screw The telescope has thus been levelled for all positions. 


Examine the graduations on the pillar and find the vernier 
constant of the telescope. Adjust the position of the eyepiece of 
the telescope so that the cross-wire is distinctly focussed. Now 
turn the telescope towards any limb of the U-tube and focus the 
telescope бо have а clear imag? of the limb. Lower the position 
of the telescope to bring into the feld of view the horizontal 
(bottom) part of the U-fube and see whether the two bonds of the 
tubs are in focus and the middle part of each bend is at the 


junction of the crosswires. If not, make suitable adjustments to 
bring the bends at the same level. 

Fix up two the thermometers within the jackets as close to the 
U-tuba as possible and connect one rubber tubing from the water tap 
to the lower inlet pipe of a jacket and another rubber tubing from 
the upper outlet pips of the sane jacket to the sink. Take a boiler 
filled with water and placa it Оп а tripod over a burner. Connect the 
boil-r with a rubber tubs to the upper inlet pipe of this jacket 
and the other end of this tuba should go into veasel containing water 
for deposition of steam when formed. The horizontal portion BD 
of the U-tube should be covered up by cotton or linen pieces soaked 
in water or a special device sbould be made for а permanent flow 
of water around BD. 

Now pass cold water through one jacket and steam through the 
other and observe the readings of the thermometers. After some 


P.P./19 
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time, the two thermometers would show steady temperatures,—one 
indicating temperature of circulating water and the other that of 
steam very near 100°C. When the steady temperatures have attained, 
read the thermometers and record them. 

Focus the heads of mercury levels with the telescope at the cross 
wires and read the position of the verniers. Tako alternately three 
sets of readings for each level. Then lower the telescope down and 
take the readings for the centre of both the bends of the U-tube. 
This may be done once. Again take the readings of the thermometers. 
Disconnect the rubber tubings of the jackets before you leave the 
working table. 

Rezults— 

Determination of Vernier Constant of the Cathetometer. 

Smallest main scale division = ...mm. 

-.main seale=...vernier scale. 

^. Vernier Constant = ...mm. —...om. 


Temperatures at the begining of the Experiment. 
Colder jacket=...°C; hotter jacket =...°C. 


Telescope readings :— 


E Readings for the top of Readings for the top of 
ч 
os cold column hot column 
5Ё 
zg 
a : Vernier 7 Vernier 
O |Main scale Scale Total Main scale Soale Total 
1. ө ave E ө 
2. se. s.. . m 
3. e.. A 435 өл» eee E 
Base Readings : i 
Vernt 
Main Beale CERT Total * Men 
——————— 
Left Bend | 
centre 
Right Bend 
centre 


Temperatures at the end of th i 
Colder jacket=...°0, hotter {р Experiment— 


ı hotter = О 
Mean temperature of Jackeb = ..."O. 


Mean temperature of 
Mean reading for the 


the colder jacket = .. *( 
the hotter jacket =...° b 


top of colder column —...om. (b). 


| 
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‘Mean reading for the top of hotter column = ...om. (c) 
Height of cold column h1=b-a™=...cm. 
Height of hot column hg =0-4= .. ош. 
ha- hı 
hıta— hatı 
Discussions— When cathetometer is levelled, the upright carrying 
She telescope becomes vertical and all lengths determined become 
Vertical heights. The readings of the telescope should поб be taken 
Unless the temperatures become stationary. In order that heat may 
Rot appreciably flow from the hotter to the colder end, arrangement 
Or efficient cooling should be made ай the horizontal part of the 
Sube. This oan be done by wrapping up the horizontal part oj the 
tuba by co&&on soaked in cold water and spraying cold water inter- 
‘aittently upon it, There should not be any parallax error between 
‘the image and the oross-wire while taking any reading. 


ORAL QUESTIONS 
T What aro you measuring in this experiment, – аррагепё or real exopansion ? 
OW is it that in spite of the expansion of the vessel you aro getting here the 
"Absoluto expansion of the liquid ? Will your result alter if you take all measure- 
Rants in inches? Would you got the same result if you are supplied with 
Fahrenheit thermometer? Why do you cool the horizontal tube? What is 
Parallax and what {s the effect on the reading if the parallax error is not avoided ? 
hy do you level the cathetometer? What is the defect if the cathetometer is 
"t levelled 2 T 


Mean coefficient of Expansion = —...per °C. 


Calorimetry 

Heat із a form of energy and this energy can be measured. 
When а body is heated it gains heat; conversely when it is cooled it 

зев heat. Tho loss or gain of heat can be subtracted or added as 
"апу other scalar physical quantity. Calorimeiry deals with the 
measurement of heat. The vessel used in such a meaturement ia called 
3 calorimeter, which ia a cylindrical vessel usually made of copper and 
®rovided with a stirrer of the samo material. 

Unit of Heat—The unit of heat in the C. G. 8 system is defin- 
9d to be the amount of hsat required to raise one gramme of pure 
‘Water through 1^0. This is called the Gramme-Oslorie or simply a 
Calorie. The British Thermal Unit (B. Th U) is the quantity of 

eat requfred во raise one pound of wator through ГЕ, 
inco 1 1, = 453'6 gm. and 1^E—$ of 1 С. 

l B, Th. U =(463 6% 9) calories = 252 calories. 

Specific Heat—Specific heat of & substance ie the ratio of the 
"Чаап бу of heat required to raise a certain mass of the substance 

tough any range of temperature to the quantity of heat required 
© raise an equal mass of water through the same range of tempe~ 
“ature, If S be the specific heat of a substance, — 
Then by definition, © 
= Heat Ена бо raise m gm of substance through : О 
Heat required to raise ™ gm. of water through t C 


Heat required to raise 1 gm. of the rubsüsnce through 1'O 


Heat required to raise 1 gm. of water through 1*0 
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Heat required to raise 1 gm. of the substance through 10 
1 calorie 

-. Heat required to raisa l gm. of the substance through 
1*0- 8x1 calorie. | 

Hence we can also state that the specific heat of a substance is 
equal to the number of units of heat required to raise 1 gm. of 
substance through 1°C. The specific heat being a ratio has got no 
unit but is msrely a number. n 


Thermal Capacity—The thermal capacity of a body is the 
quantity of heat required to to raise the temperature of the body 
through 1°0. Thus, if m be the mass of the body in grammes and if 
8 be the specific heat of the material of the body, the thermal capacity 
of the body is equal to э хз calories. 


Water Equivalent—The water cquivalent of а body is the 
number of grammes of water which will be raised through 1°О by the 
Same amount of heat required to raise the temperature of the body 
through 1*0. Thus if m be the mass of the body and з be its specific 
heat, then the heat required to raise its temperature through 1°O is 
equal to ms oalories. This quantity of heat will raise ms gm. of 
water through 1°O. Therefore, the water equivalent of the body is 
ms gm. Hence the thermal capacity of a body and its water 
equivalent are numerically equal bub the thermal capacity -is 
expressed in heat units while the water equivalent is expressed in 
grammes, 


Principle of Measurement of Heat—If two bodies at different 
temperatures be mixed во as to be in thermal contact, there will be 
a sharing of heat between the bodies. The heat given ont by the 
body at the higher temperature is taken up by the body at the 
lower temperature, until they attain a common final temperature. 
Assuming that no heat is received from or given to anybody outside 
the syatem or there is no chemical action in the process of mixing, 


heat lost by the hotter body is always equal to the heat gained by 
the colder body. 


т xu experimental verification of this principle is carried out by 
п ng а calorimeter of known mass containing a weighed quantity 
f в liquid at В known temperature. A known quantity of a subs- 
tanos either solid or liquid a& some bigher temperature is dropped 
nio бле calorimeter and is stirred thoroughly till the mixture attains 
а common temperature. Then heat gained is equated to heat lost. 
This is known ag the method of mixture, 
Modes of Transmission of Heat 


There are thre distinct Processes by which heat energy may 


.b3 transmitted from one place + i 
Gi) Convection and (Hl) о another, namely (i) Conduction, 


Conduction—It is the process in which heat is transmitted from 
hotter to the colder parts of „а body or from a hotter to a colder 
body in material contact without any transference of material 
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particles, Conduction of heat takes place always in solids and in 
particular care in liquids and gases. 

Conveetion—I& is the process in which heat is transferred from 
one point of а medium to another by the actual movement of 
meterial particles from a place of higher temperature to а place of 
lower temperature. Convection is not possible in solids bus it mostly 
takes place in liquids and gases. 

Radiation—It is the process in which heat can pass from one 
point to anothsr without the intervention of any material medium. 
The vibration of atoms and molecules of a heated body are supposed. 
to səbt up transverse wave motion in the free space, which travels 
out in all directions with а velocity of 186,000 miles per second 
carrying the heat energy from the source to the receiver, (For 
further details vide Basu &  Chatterjee's Intermediate Physics, 
Part I, Heat Chap. VIII). 

Loss of Heat by Radiation ; 

It is found experimentally that the rate ab which a body loses 
heat by radiation depends upon, . 

(i) the temperature of the body, Р PAA 

(ii) the temperabure of the surrounding space where rediation 
takes place. 

(iii) the nature and extent of its surface. 

Hence if a given mass of а liquid, heated to а known tempora- 
ture is keps in a certain vessel and allowed to cool in an enclosure 
at a lower temperature than that of the liquid, it will obey the above 
conditions, The rate of loss of the heat does поб therefore depend 
on the nature of the liquid. Hence if allowed to cool in such а way 
that above conditions do exactly hold good in each case, different 


liquids will lose heat at the same rate. This principle is applied in 


the method of cooling and determination of specific heat. 


Date— EXPERIMENT 60 
To Verify Newton's Law of Cooling 


= on's law of cooling states “the rate of cooling is 
не Noe difference of temperature of the body and that 
of the surrounding." It means that when a heated body is left to 
itself, its temperature comes down continuously and the fall of 
temperature over & small interval varies as the excess of the tem- 
perature of the radiating surface above the temperature of the 
surrounding medium provided that this excess is not large (20° to 
25°0), 
—A calorimeter and stirrer, a sensitive thermometer, 
a eaea a beaker and heating arrangements. 
Procedure—Take а glass beaker previously washed clean, fill it 
with water and heat it over & flame, Place sn ordinary thermo- 
meter in it to record the rise of temperature. 
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Take a middle-aized calorimeter provided with а wire gauge 
stirrer, thoroughly clean and dry it and place it upon the table. 
Clamp а sensitive thermometer capable of measuring one-fifth or 
one-tenth of a degree centigrade so that its bulb dips into the: 
calorimeter but allows the stirrer to be worked. 

When the temperature of water in the beaker is about 30°C: 
higher than the room temperature, take the beaker over the calori- 
meter and carefully pour hot water into the latter to a level that 
the bulb of the thermemeter is completely immersed. Slowly stir 
water within the calorimeter and start а stop-watch. 

The temperature of water within the calorimeter slowly falls and 
when the temperature is about 25°C higher than the room tempera- 
ture, note the temperature at an instant when the second hand of 
the watch passes by zero mark on the dial. Since then note the 
temperatures at intervals of а minute till: the temperature comer 
down by 15° or 16°. All the while continuously stir water. 


Results— 
The Room Temperature: 31'40. (A typical record) 


p 


Time |Temperature| Timo Temperature| Time /Temperaturo |) 
min, °б min. "0 min. °б 
0 56 11 46:6 21 418 
1 548 12 46:0 21 414 ! 
2 53'7 13 45'5 23 41'0 
8 52:6 14 45'0 24 406 
4 51'7 15 45 25 40'3 
5 50:8 16 440 96 8995 |! 
6 500 17 494 28 $94 
7 492 18 430 30 88 88 ] 
8 485 19 426 32 88'4 
9 47°8 20 429 34 88'0 
10 475 Е 
y a: 


Verification—Plot a graph with time in minutes as abseissa and! 
temperature in degree centigrade as ordinate (Fig. 117). 
The fall of temperature between let and 2nd minute 
= 5478 — 587 = 1'1°С 
The mean average temperature during the interval 
(54°8 + 53°7)/2 = 64'95°С: 


». The excess of temperature over that of the surroundings 
= 64°95 – 314 =99'85°: 


1 ENR fd l А ы 
Hence cooling con Maa e 0048 per minute. 
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In a similar way calculate the cooling constants over different 


ranges which are given below :— 


Cooling 
Const. 


0048 
0048 
“0042 
“0040 
“0040 
0042 
‘0040 
“0031 
"0040 
*0042 


———— 
No. of : Mean Mean Excess 
readings Сага] Coating Temperature | Temperature 
mins. °C °0 °C 
1. 1st and 2nd 11 54 25 22°85 
2. Qnd and 3rd l1 53°15 22°75 
3. 5th and 6th 08 504 19'0 
4. 9th and 10th 0:65 475 161 
b. 13th and 16th 055 ' 45°25 13:8 
6. 17th and 18th vë 49'25 11:85 
T. Q1st and 22nd 04 4l'5 102 
8. 25th and 26th 0:35 40°15 87 
9. 29th and 30th 04 390 TT 
10. 35th and 36th со 38:27 69 
Discussions— The range of temperature of total cooling must 


nob be large as in 
that case Newton's 
law of cooling 
would not hold 
accurately. This is 
evident from the 
Cooling constants 
Obtained from the 
®xperiment. The 
Cooling constant 
for a range 53° 
to 66°C, is found 
to be ‘0048, while 
the average value 
is "0041. The 
thermometer used 
Should be capable 
of measuring 0°1°0 
for a good accuracy 
of the experiment. 


ORAL QUESTIONS 

What is Newton's 
aw of cooling and 
how far is the law 
Correct ? Why does & 
hot body cool? What 
are the factors govern- 
ing cooling of a body 
temporature is allowed t 


of water at the same temp: 


rapid cooling and why ? 


Temperature in Centigrade Degrees 1 div =0.2°C 


56 


55 Be 


54 
53 
52 
51 
50 
49 
48 
47 


- Time in minutes 


5 


10 15 20 4125 


Fig. 117—Cooling curve 


301935 


1 div.- 0.5 min. 


? A quantity of hot water initially at some ‘higher 
o cool in а copper vessel and another equal quantity 
erature in a brass vessel ; which one would show more 
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Radiation Correction 


It follows from Newton's law of cooling that so long as a body 
is hotter than its surroundings, it would radiate heat continuously 
to its neighbours. The converse is also evident from the same law. 
It а body is cooler than its surroundings, it would gain heat by 
radiation from its neighbours, 


In experiments with a calorimeter either a hot body is dropred 
in cold liquid or а cold body is dropped into a liquid at the room 
temperature and the resulling temperature is fourd with a thermc- 
meter. While the temperature of the mixture is rising above the 
room temperature, tome heat is being radiated away from the 
exposed surfaces of the mixture and the calorimeter, Consequently 
the final temperature, as recorded by tke thermometer, is less. than 
that which should have been, had there been no radiation. Con- 
versely, when the temperature of tha mixture is falling below the 
room temperature, some heat is absorbed by the exposed surfaces 
of the calorimeter and the mixture, resulting in sn aprarent final 
temperature, which is higher than the true temperature. In either 
case the purpose of radiation correction is to determine euch 
differences of temperatures. 


Date— EXPERIMENT 61 


To Determine the True Temperature of s Mixture 
by Radiation Correction 


Theory—Whenerer the temperature of a mixture is continu- 
ously rising above or falling from the surrounding temperature, there 
is some radiation of heat from or to the mixture The true tempera- 
ture of tke mixture is obtained by correctirg for radiation loss or 


gain neglecting other effects which may be reduced to а minimum. 


_Apparatus— А calorimeter with a stirrer, a heater, в piece of 
solid (say, marble), sono Quantity of liquid (say, kerosene), a sensitive 
thermometer and a stop-watch. 


Procedure—Suepend the piece of solid in a steam heater for 
sometime so as to be heated to a temperature mtch above the room 
temperature. Take Some quantlity of kerosene in the calorimeter 
во that the body may be completely immersed in it. Find the 
temperature of kerosene with а thermometer. Start the stop-watch. 
Now, drop the heated body into the liquid of the calorimeter 
without splashing the liquid and note the instant of immersion of 
the solid by the Stop-watch, Swiftly, place the bulb of the thermo- 
meter within the liquid ang ftir the mixture continuously bub 
slowly. Record the temperature of the mixture every half minute 
till a maximum temperature is reached. After this the temperature 
falle, but continue to take six to eight falling temperatures at 
intervals of half a minute or one minute. (See Time-Temperature 
record in Results). Then draw a graph with time as abscissa and 
temperature as ordinate which is shown as в continuous line in 
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Fig. 118. The average fall of temperature per half minute would be, 
according to Newton's law of cooling, proportional to the mean 


difference of tempere- ,, 4! ES 
tures of the mixture — à + 
and the surround- © Miis 
ings. The manner £3? HE 
of calculating the 2 ВЕ fe 
average fall -cf d HT 
temperature is shown  , э7 ЕЕ HERE iiir HEERE RE 
in the results. — 43e t +t it Н 
Next draw another $ EE 
graph with Ње #3 : 
average fall of $3 
temperature as % Ut 
ordinate and mean © 3; f | 
temperature Sou) 2237 Eur 
abscissa which 3 i 
would be a atraight & 3 
iine (Fig. 118) 30 

rom this graph е: HHE j 
fed mo amount"? logins бдр ыы 
of cooling per half 
minute ай any mean Fig. 118—Time-Temperature Curve 


temperature when А 
the temperature of the mixture is rising. These values are shown 


in the third column of the tabulated data, Add up the total fall of 
temperature during the intervals from the instant of dropping of the 
solid to the maximum temperature attained or а libtle beyond it. 
Add this total fall to the apparent maximum temperature. It will 
be found that the corrected temperatures have become very» Dearly 
eonatant. Таке bha mean of a few fairly constant temperatures. 


This mean is the true maximum temperature. 
Results—Time-Temperature Record. 


Coolin; Mean 
Time Observed Mean from то а corrected 
mins. Tempera torg ah graph *0 So Temperature 
о с 

: . 991 0 0 991 

D eps 320 16 16 3516 

1 380 86:5 '24 40 38'40 

r5 | 392 386 56 “66 39°16 

2 |394 max. 39:3 21 98 40°33 

a5 | 898 89'4 '97 120 40:5 

8 891 39'2 “26 146 3 (4056 

36 | 339 390 "26 172 £ | 406 

4 386 388 "25 1:97 & 4 40°57 

45 | 38:3 88'4 "25 2'22 g |406 

5 98:1 882 24 2°46 p, (4056 40°55 

55 | 378 380 23 2°69 m 405 

6 | 376 97 23 393 | @ 4052 

65 | 374 875 “22 314 40°54 
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To find the average cocling per interval of half-a-minnte, take 
falling temperatures about 10 in number after the observed maxi- 
mum and divide chem into pairs: first five and second five, and then 
subtract the corresponding readings in the following manner : 

894 39 3 391 38'9 38'6 

383 381 378 37'6 374 

11 г 1'3 гЗ 1'2 
Hence mean of ll, 1°2, 13, U'8, 1'2 which is 1'24 represents cool- 
ing per 5 intervals (i.e, 2'5 minutes) Hence average cooling is 
0°25°C at the mean of the following temperatures, 

394, 398, 39°', 38:9, 33 6, 38'3, 38°1, 37:8, 376, 374. 

The mean of all these temperatures is 38'5*C. Hence we may say 
that the mean cooling is 0°25°C at the mean temperature 38°5°С. 
Again the cooling is nothing at the room temperature 29'1°0. 
Further from Newton’s law of cooling we know that the rate of 
cooling is proportional to the excess oi temperature and so to the 
actual temperature. Hence knowing two points on the graph paper 
We can draw a straight line through these points to obtain the 
cooling graph (Fig. 119), 
Next with reference to this grapb, get the cooling ай various 
3 Obterved tempera- 
tures. The total 
cooling аб any 
2 temperature is the 
sum of all the 
coolings at the 
proceeding tempera- 
fures and the cooling 
i i ab the temperature. 
PEE In this way obtain 
i - the final corrected 
29 30 3| 32 33 34 temperatures. It 
Temperature іп°С i ыо”, la would be found that 
the final temperature 
becomes fairly cons- 
tant afte, a steady rise. This constant value is the final 
corrected temperature, which may be obtained by taking a mean of 


a low values. The chain @urve (Fig. 118) is obtained by correcting 
the radiation loss at every ғбаре of temperature. 


ensitive thermometer measuring upto $ or ту 
© record the temperature of the mixture. 


Cooling per.5 min. 1 div, = 0.01°C 
e 


Fig. 119—0ooling-Temperature Graph 


therefore, require » 
riment successfully. 
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Date— EXPERIMENT 62 


To Determine the Water Equivalent of a Calorimeter 


Theory—If m gm. be the mass of the calorimeter and stirrer 
and s the specific heat of the material of the calorimeter, then the 
water equivalent of the combination is equal to ms gm. 

Apparatus—A calorimeter, two thermometers, a glass beaker, 
Some quantity of water and heating arrangements, 

A calorimeter consists of a cylindrical copper vestel О, the outer 
surfaco of which is polished (Fig. 120a). The vessel is often 
mounted on pieces of cork within another bigger cylirdrieal vessel 
made of wood. In rome form, the oslorimeter is suspended by 
strings within another bigger vessel J (Fig. 1905) This arrange- 
ment is for reducing conduction and convection of heat from or to 
the calorimeter. The outer surface of the T 
calorimeter and the inner surface of the outer I 
vessel ara both polished. This minimises loss 
or gain of heat by radiation. To help the 
stirring of the liquid, the calorimeter contains 
а copper ring provided with а handle called 
а stirrer. 

Procedure—Olean and dry the calori- A 
meter with the stirrer, if found dirty, end 
weigh it in a balance, Measure its mass in 
a balance to the nearest deci-gramme. Pour 
& quantity of water into the calorimeter to гт | 

J 


nearly one-fourth or one-fifth its ce pacity 
and weigh again. The difference cf masses c 
evidently gives the mass of water taken. Put 


the calorimeter with its contents inside the 
casing and clamp a thermometer T vertically 
во that its bulb remains in water. (a) (b) 
Take rome quantity of water in а теша Fig! 100 
i i urner and n 
penes DA another thermometer. When the 


ater b 
Pai ni m at 15°0 Yo £0°0 above the room temperature, 
note the highest temperature and immediately take the beaker 
Containing hob water just above the calorimeter and pour almost an 
equal volume of hot water into the calorimeter.” Stir the mixture 
well and find the highest temperature of the mixture, When the 


La а ux 
ж If a correotion of radiation loss is required, keop a stop-watch ready. 


water is poured into the calorimeter, start the watch 
A ue he mixture. Take temperature of ihe mixture every 
half a minute until the apparent highest temperature is recorded by the 
thermometer. Do nct stop here taking time-temperature record, but continue 
to record falling temperatures every half minute for another three or four minutes. 
Then proceed on with the directions given in the preceding experiment for 
radiation correction and obtain the corrected final temperature. Draw the cooling 


temperature graph only. 
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nixsure cools down, weigh the whole thing. Take all weights in this 
experiment, correct to the nearest decigramme. 


Results—(AÀ typical set of observations is given) 
The weight of tho calorimeter and stirrer = 
(i) 184 gm (ii) 7841 gm. 
-. Mean mass-78'40 gm =w. 
The weight of the calorimeter, stirrer and cold water = 
(i) 94°61 gm. (ii) 94°63 gm. 
-. Mean mass-94'82 gm. =w, gm. 
The weight of cold water=16'22 gm, = tg — wy 
The temperature of cold water-22'9?0 =#,°C 
Initial temperature of hos water = 40'0°0 =#.°0 


The common temperature (after radiation 
correction) = $4'4°C = Т°С 
Weight of the calorimeter and mixture=114°40 gm. =s gm. 
4. The weight of the hob water added = 19°77 gm. 
=Ws—Ws ЕШ. 
Heat lost by hot water of mass ws—Ws gm, in cocling from 
dg? to T'O—(wgs — wsY(ta — T) calories. 
Again heat gained by the calorimeter, stirrer and cold water in 
being heated from t, to T —-(w,s-ws— wi)(T- 1) 


С. Quas wa 7 wi T ,) = (ws — waw, - T) 


«387 water equivalent ers — welts — T) — (wa — wi) 
(T-1,) 


= 19°77(40 — 844) 
(34'4—9292/9) 


Discussions—Some heat is lost by the calorimeter and its 
‘contents by way of conduction. Conduction is minimised by placing 
the Calorimeter in а medium which is а bad conductor of heat. 
Radiation is minimised by polishing the outer surface of the calori- 
eter and placing it in another vessel of polished inner surface. 


a To ensure uniformity of temperature throughout the mass of 

liquid, water should be well stirred while taking the temperature of 

the mixture. Burners should be kept away from the calorimeter or 

Proper eereens should be interposed so that the calorimeter may nob 
_ 'receivo undesired heat from any source. 


Ths result for water equivalent is better if the value of the water 
equivalent of the calorimeter ig comparable with the mass of water 
~ within the calorimeter. Instead of water, if the liquid used be an 
oil of low specific heat, the result is still better. 
Sources of Errors 


To avoid highly erroneous or at times absurd experimental 
results for the water equivalent, the following points are to be 
oarefully remembered. 


—1622—8'1 gm. 
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When the calorimeter and cold’ water gain heat, the experimental 
condition for a desired result is to be so arranged that the cslori- 
moter and stirrer absorb heat almost equally as that of cold water. 
For this reasons the water equivalent of the calorimeter should be- 
nearly equal to the mass of cold water, or in other words the mass 
of the calorimeter should be 5 to 10 times than that of 0014 water, 
according to the nature of the material of the calorimeter. 

When the temperature of the mixture rises, there is always some 
loss of heat by radiation end conduction. The higher is the final 
temperature, the greater is the loss. When the final temparature 
exceeds about 10°C above the room temperature, the losé is about 
half а degree in а well-preserved calorimeter. An error more than 
this should not be allowed. Hence such a proportion of hot water 
should be mixed that the final temperature is about 10°C higher 
than the temperature of cold water. 


ORAL QUESTIONS 


What is meant by water equivalent of a calorimeter ? What is ita unit? 
Distinguish between water equivalent and thermal capacity. What are the sources 
of errors in this experiment ? Why іза caiorimeter generally made of copper ?' 
You are supplied with two pairs of calorimeters ; one pair is of different masses but 
of the same material ; and other pair is-of the same mass but one of copper and 
the other of brass. Oompare their water equivalents. How can you avoid highly 
erroneous or oocaslonally absurd result in this exporiment ? 


Date— EXPERIMENT 63 


To Determine the Specific Heat of а Solid by 
the method of Mixtures 


Theory—It a pies? of solid of mass m and of specific heat s at. 


a higher tempera- [| 
ture #.°О be dropped | 
into а calorimeter 
of water equivalent 
w containing в liquid 
of mass w and of 
specific heat s' аб 
the room tempara- 
ture 4,70 and if on 
stirring the mixture 
the final temperature 
be T°O (after radia- 
tion correction), 
then from the law 
of mixture, 


т а zi T) 
— (wt w's T- ta) Fig. 121 Fig. 122 


_(w+w's)(T-t) 
whence § "euius DRY -T 
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If the liquid supplied be water, then s/—1 and the equation 

reduces to, 
ge (Wt wT - t) 

Р тіз – Т) 

Apparatus—A calorimeter and а stirrer, two thermometers, & 
steam heater, a piece of marble. a balance and a weight box, 

A convenient form of specific heat apparatus, called the 
Regnauls's apparatus, consists of an wooden platform which can be 
divided into two partitions by a siding board § (Fig. 122). When 
he board is raised, the communication ia established between the 
two halves of the platform. The box containing the calorimeter 
(shown to the right) slides over parallel grooves and can be placed 
on any side of the partition, 

Over а small table rests an apparatus called a steam heater O 
which is also shown separately in section in Fig. 191. A steam 
heater consists of a double walled cylindrical vessel О having a co- 
axial air space A The air space between tho cylinders has got two 
‘Openings, one at the top and the other at the bottom. The upper 
one is used as the inlet for steam and the lower one as the outlet. 
The upper end of the cylinder is provided with a piece of cork 
having two openings. The lower end of the cylinder can be closed 
by a metal plate D whenever required, 


Procedure— Take out the calorimeter with the stirrer. Dry, 
clsan and finally weigh it in a balance to an accuracy of first place 
of decimals in grammes. Take two such masses and find the mean 
value. List the mean mass of the calorimeter and stirrer be w, gm. 
If sı be the specific heat of the material of the calorimeter, then 
40181 is the water equivalent; call it w. Take a quantity o! a liquid 
or water at the room temperature into the calorimeter to about 
One-third its volume and weigh again to the nearest decigram. Let 
the mass of calorimeter and contents be Ws gm Then the mass of 
liquid taken is ws—w, gm; call it s. Measure the temperature 
of the liquid. This gives initial temperature ¢:°0 Take a piece of 
marble or any other substance which is supplied and thoroughly 


cas its surface, Weigh it in a balance and let its mass be m gm.. 


le а piece of string with the piece of marble and suspond it 
Meu Steam heater as ig shown in Fig. 121. Fit up a C ce 
"t ps jhrough the other hole of the cork to such a depth that 
inta th boll very near the suspended body, Take suficient water 
into the boiler and connect a rubber tube from tha boiler to the 
steam heater. Heat the boiler. After some time when stcam is 
formed it circulates into the air epace A of the cylinder, so that 
the body is indirectly heated by steam, When the thermometer 


within Ihe heater records stati е 
100'0, the body attains that Bape pemperainne te O near about 


Now raige up the Wooden partition and slide the box containing 
the calorimeter jast beneath the steam-heater, Remove the lower 
cover plate of the heater and loosen the thread so as to drop the 


/ 
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body into the calorimeter without splashing liquid. Slide back the 
calorimeter with its enclosure to the other compartment and drop 
the wooden partition so as to cut off the effects of heat on the 
calorimeter due to the burner. Stir well the contents of the 
calorimeter and find the final temperature T°C by another 
thermometer. 


The procedure described above, althought more consistent with the theoretical 
process of finding spacific heat, requires unnecessary time to complete the 
experiment, It can be done more conveniently in the following way,— 


At first take sufficient water in the boiler and connect it to the steam heater. 
Now take the body, dry or clean it, as may be necessary and weigh it ina balance. 
By this time steam may be given off. Suspend the body within the steam heater 
and fit a thermometer, so as to record the temperature of the body. Let the 
body be heated. 


Then take the calorimeter with stirrer, cleanse them if necessary and weigh 
the combination in a balance. Take the liquid into the calorimeter and find the 
total mass. By this time the body might show à higher constant temperature. 
Take initial temperature of the liquid. 


Finally drop the body into the calorimeter and get the resulting tamporature. 


Results—(typical data) 
The weight of the calorimeter and stirrer t; 
(1) 78'4 gm. (ii) ?8'4 gm. И ы 
Sp. ht. s, of the material of the calorimeter (supplied) = 1 
.. Water equivalent of calorimeter = 0: X sı =w=7 84 gm. 
The weight Ws of calorimeter, stirrer and liquid (water) 
(i) 10661 gm. (ii 106°61 gm. 
.. mean tg*108'61 gm. Р à 
&.o weight of liquid taken = ws — 0: = w = 28°21 gm. 
Initial temperature tı of liquid —21'4 О 
Sp. ht. of the liquid (water) 1 
Weight of the piece of marble 
(i) 19°41 gm. (ii) 1242 gm. 
.. mean шавв = 12'415 gm. " 
The stationary Lade a of ine n heater = 99°0 
re T of the mixture (after 
Ааа, correcting for radiation) 27'1°%0 
И (ер +0,)(7 — ts) _ (7 R4 + 9821):271 — 914) 
vd antem) 1241099171) 
Discussions —Although arrangements are made to minimise the 
effects of conduction from the calorimeter, а small quantity of heat 


ion for radiation is required, the thermometer used to measure 
sls КОКСОП mixture should have a graduation of ‘2°0 or ‘1°0, Be 
ready with the stop-watch. Just at the moment the body is dropped into the 
calorimater, start the watch and quickly remove the calorimeter and its contents 
to the other side and drop the siding board and at the same time introduce the 
thermometer into the calorimeter. Continue stirring the mixture. The total 
period in finishing all these things should not exceed 20 seconds. Now a!ter every 
half minute take the temperature of the mixture and get a time-temperature chart 
in a manner as shown in Expt. 61. Follow the procedure of obtaining the cooling 
graph and thence find the corrected final temperature T°O. 
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is always lost by the calorimeter and its contents due to coniuoction. 
Gara must ba taken to remova the body from within the steam 
heater into the calorimeter as quickly as possible, without slashing 
the liquid. The quantity of liquid in the calorimeter should not be 
taken too large, as then the rise of temperature would be too smal! 
Neither the quantity taken should be too small, because then the 
rise of temperature would be appreciably large and effect of 
radiation loss would be considerable. 


A high percentage of accuracy of result cannot be claimed in an 
experiment of this kind. The resnlt sheuld be expressed correct to 
one place of decimal only. 


Date EXPERIMENT 64 


To Determine the Specitic Heat oi a Liquid 
by the method of Mixture 


Theory—IJf a body of mass m and of known specific heats ab a 
high temperature ta O be dropped into а calorimeter of water 
equivalent w containing aliquid of mass w, at a temperature 11°C 
and if on thoroughly stirring the mixture, the common temperature 
be TOC after radiation correction then the specifie heat s, of the 
liquid is given by the equation— 

ms (ta = T)m(w--w4s,) (T7 4) 
me(t;—-T) w 


wh - 
ence 3; (eon 


Apparatus — The same ав those o} preceeding experiment. the 
calcrimetric substance is the given liquid and any solid of known 
specific heat. The desoription of the apparatus is the same. 


Procedure—The same as the preceding experiment. 
Results— Tho recording of data is also similar. 
Discussions—The same. 


ORAL QUESTIONS 


Distinguish between thermal capacity and water equivalent of a body. What, 


is meant by 


EU RAS Statement "Tho sp. ht. of copper is 0'1? Define specific heat 


р What is the construction of а steam heater? What is the harm 
if tho solid substance be heated by a current of direct steam in an experiment on 


specific heat determination? Wha in ‘calorimetric 
experiments and how to minimise mr the sources of errors in calorimetri 


Latent Heat of Fusion 


The latent heat of a fusion of solid is tho amount of heat required 
to convert unli mass of tho solid ab its melting point into the liquid 
atate without а change of temperature, The same quantity о} heat 
is also given out when а unit mass of the same substance solidifies. 
Evidently for any substance its latent heat of fusion is equal to fts 


latent heat of solidification. The unit in which the value of latent 7 


heat is expressed is kenerally colories per gm. 


i 


Д 


. ап obgerved minimum ап 
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By the statement “the latent heat of fusion of ice is 80° is meant 
that when 1 gm. of ice at 0°C melts into 1 gm. of water at 000, 80 
calories of heat are absorbed. 


Date— EXPERIMENT 65 


To Determine the Latent Heat of Fusion of Ice 
Theory—If m gm. of dry ice at 0°C be dropped into а calorfmeter 
of water equivalent m containing ts gm, of water at b'O and if when 
all the ice is melted, the common temperature of the mixture be T 
(after radiation correction) then the latent heat L of ice is given by 
the following equation— 
(тх) (тх T) =(w + wis Т) 


whence L= (w+ walt ws Mts = TI -T 
m 

Apparatus—A calorimeter and stirrer, а lump of ice, а few pieces 
of blotting paper, в centigrade thermometer and а euitable clamp, а 
balance aud a weight box. 

Procedure—Thoroughly cleanse а calorimeter with a stirrer and 
weigh it in a balance. The stirrer with a wire gauge netting 
stretched across the ring is required for this experiment. Now təka 
a quantity oi water to about two thirds the capacity of the calori- 
meter and weigh again. This gives the mass of water taken. Place 
the calorimeter within its enclo-ure and fix a thermometer vertically 
80 as to read the temperature of water of the calorimeter. 

Wash the lump of ice with tap water to remove any dirt and 
then pound it to small pieces- Wrap up one or two pieces of ice 
fragments with blotting parer во that no water sticks to it This is 
called drying of ice, Note the temperature of water within the 
calorimeter. Then take out the stirrer and drop one piece of dry 
ice into water. Now lower the stirrer £0 ав to keep the ice immersed 
in water. Stir the mixture gently so ав to keep ice always under 


water. 

`A gradual fall of temp 
correction is not required, 
weigh the calorimeter and 
added is known. 

If a radiation corre 
at intervals of one or 
of dropping the first р 


erature is observed but if the radiation 
record the minimum temperature. Finally 
its contents whence tke weight of ice 


ction is required, a time temperature record 
half a minute is to ke taken from the instant 
iece of ice. The temperature falls ab first to 
d then ib continuously rises, About ten 
rising temperatures ате recorded. The rate of gain of temperature 
is found from this rising time-temperature record. The gain of 
temperature is substracted from the observed temperature to get 
true temperature. The methcd of tabulation and calculation are exactly 


' similar to those of Expt. 61. Only total gain of temperature is sub- 
tracted from the observed temperature. 


P.P/18 
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Results—(A typical illustration) 


Weight of the calorimeter and stirrer =90'l gm. 
»  » calorimeter, stirrer and water 7140'1 gm. 
u ay o» Water taken 7 £0 gm. 
Initial temperature of water -98'0. 
Observed minimnm temperature of the mixture 
(not corrected for radiation;* =29°4°C 
Sp. ht. of the material of the calorimeter -0'09 
Weight of calorimeter and its contents ч 
when all the ice is melted =100°2 gm, 
«e Weight of ice added =4'] gm. 
<. Latent heat of Fusion of ice = 66-4 cal./gm. 
Time Mean | Rise of Total Corrected 
= Temp. tise of 
in ° Temp, Ti Я T. . 
min, ta” | o" Temp. |, су 
0 380 ES 26°08 
5 248 23°15 23°46 
1'0 23'1 93 7 22:35 
15 226 228 21:82 
20 224 22:5 21'569 
2'6 226 294 21'57 
80 228 227 ш) 
8:5 28'0 229 21:57 
4'0 23:2 281 
45 23'4 28'8 ess 
50 296 25:5 sis Me 
55 98`7 28-71 е 


——e——À Área Баса 
The mean corrected temperature after considering radlatlon loss=21°76°O 
{compare uncorrected temperature=22'4°C) using this as the final temperature 


of the mixture and substituting In the usual formula, the value of L is found 
to be 81 cal/gm. ' 


Discissions—Some heat is gained by the calorimeter and its 
contents by radiation while water is being cooled by ice thus clightly 
raising the true minimum temperature. This is the principal source 
of error in determining the value of latent heat of ice; the value 
being always less dte to this cause, There ie alco a little loss of heat 
by conduction and convection of air current, The thermometer to 
be used should be sensitive and should be read avoiding parallax. 
Pieces of ice to be dropped in should be dry otherwise the amount 
of water adhering to ice just before dropping will vitiate the result, 
Too much of ice skculd not be added because if the minimum 
temperature of the mixture gets below the dew point, water vapour 
of the air conderses on the walls of the calorimeter. Such ocndensa- 
tion of vapour takes up a considerable amount of heab from the 
mixture effecting the minimum temperature as also increasing the 


ж If correction for radiation logg is a y re тасота 
from the instant ice is dropped in required, keep a time-temper: 


9 the д eriment 
is given in Experiment 61, calorimeter A record of this exp 
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apparent weig!t of the ca’orimetcr and its co:tente, The stancard 
value of the Ixtent Һе. б of ice is 80 calori в per gramme. 


ORAL QUESTIONS 


What is meant by latent heat of ice? Explain the varlous sources. of 
errors in the experiment and methods to minimise them. Docs the value of iatent- 
heat depend upon the nature of the thermometric scale? If во," how? Explain: 
the defects of the experiment when the ice added is too much or is not properly 
soaked with the blotting paper. 


Latent Heat of Vaporisation 

The latent hoat of vaporisation of a liquid is the quantity of bent 
required to change unit mass of the substance at its boiling pcint 
from the liquld in the vaporous state without change of temperature. 
The same quantity of heat is also given out by a unit mass of the 
vapour in condensing to the liquid state at the boiling point with- 
out any change of temperature. The unit of latent beat of vapori- 
sation in О. ©. 8. system is ‘calories per gram.’ 


Date— EXPERIMENT 66 

To Determine the Latent Heat of Vaporisation of Water 

Theory—If m gm. of steam at 1°O condenses within а calorimeter 
of water equivalent w containing W, gm. of water at 190 and if tte 
final temperature of the mixture be 1°0, (after radiation correction)! 
then the laten& heat of vaporisation L of steam at t О is given by 
the equation,— 

mL + m(t—T) = (wt wa XT — 2) 


-t) 
whence =т=т) 


Apparatus—A calorimeter and stirrer, thermometer, clamp, 
alance, weight box, boiler, 
heating arrangement, a steam 
trap and conneoting tubes. 

A boiler B containing some 
Water is placed upon а tripod 
stand ver a Bunsen flame 
(Fig. 193). A piece of glass 
tube having its ends bent 
almost at right angles serves 
as the outlet for the steam 
from the boiler. Almost the 
whole length of this tube is 
covered with a non-conducting 
material such as felt or cotton. 
One end of this pipe is connected 
with the boiler while the other < > 
end passes through a piece of тз 


cork into a device called the 
steam-trap T, which consists of a small cylindrical glass pipe having: 
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fawo stoppers abits ends, each previded with a hole. Through the 
¿lower hole of the trap passes another glass tube having its upper end 
bent and its lower end going into the calorimeter. Тһе function 
~of the steam trap is to arrest any water that might have condensed 
‘within the exib pipe and to pass dry steam into bhe calorimeter. 


à Procedure—Cleanse the calorimeter and stirrer if necessary and 
w3igh the combination. Take a quantity of water fo nearly fourfifchs 
of the volume of thé calorimeter and weigh agaln. The difference 
Af the masses gives the mass of water taken. Place the calorimeter 
xin. its proper position аз shown in the figure and fix a thermometer 
"gerbically and read the temperature of water. Heat the boiler and 
"when stean comes out copiously, put the end of the glass tnbe 
foto tha calorimeter, such that the nozzle is well within the water. 
iirc the mixture well and take a time-temperature record at an 
-interval of half a minute or one minute till a maximum tsmperature 
sof about 20° or 25° above the room temperature is reached. Withdraw 
dhe stoam јеб at опса and continue the stirring of the mixture. Take 
alo а number of falling temperatures ab an interval of а half a minnte. 
After that take the weight of the calorimeter and its contents, Measure 
һе atmospheric pressure with a barometer. With reference to a 
vapour pressure Table, find the.temperature of steam. Proceed on 

` with the radiation correction as usual and geb the corrected final 
Gemperature. 


Result- (Cypical) 


The weight of the calorimeter and stirrer =89'6 gm. 
So ht. of the material of the calorimeter =01 
Weight of calorimeter, stirrer and ‘water = 159'92 gm. 
"Weight of water taken j = 10'98 gm. 
Initial temperature of water and calorimeter —99'090 
Temperature of the steam (from table) =99°4°O 
‘Final temperature of the mixture after radiation 
correction 4 = 55°0 

Wt. of calorimeter, water and condensed steam = 169°54 gm. 
Mass of steam condensed =3'63 gm. 

Latent Heat of Steam at 69.490 =613 cal. gm. 
Barometric pressure =74-6 om, 


Discussion— The condensation of moist steam 


into the calori- 


moter entails an error which makes the observed latent heat too 
"Sow. Another principal source of error is some loss af heat by 
conduction. The temperature of the calorimeter and its contents 
should not be allowed to rise by mors than 3090. above the room 
temperature for in that cace, much vapour will be given off from 
‘water surface causing considerable loss of heat. The standard value 
of the latent heat of steam at 100°C is 536 calories per gramme. 


- ORAL QUESTIONS 


What do you mean by latent heat of steam ? Does its value change on 
changing the scale of thermometer or with barometric pressure? What is the 
,distincton between latent heat and total heat of steam? What are the sources 


æ 


EXPERIMENTS ON BEAT. 197 


of errors in this experiment ? What precautions do you take to minimise various 
Sources of errors? What is the function of the water trap used in this experiment 7 
In case correction,for radiation is not made, would the observed value of latent 
heat be greater or less than the true value? Why? 


Expansion of Gases 


To state the condition of a gas, it is necessary to mention itg 
volume, pressure and temperature because a charge of any one оў 
these affects the other to a marked degree. Of the three variables 
any two may be changed making the third constant. 


(i) Boyle's Law—Change of volume by change of pressure. 
temperature remaining constant, 


(ii) Charle's Law—Change of volume by ohanga of temperature, 
Pressure remaining constant. 

(iii) Law of Pressure—Change of pressure by change of tempera- 
ture, volume remaining constant. (vide, Basu & Ohatterjee's Inter- 
mediate Physics, Heat, Chap, 1V). 


. Ineresse of Pressure at Constant Volume—If a given mass оѓ 
a gas is centinuously heated at constant volume, the pressure exerted 
by the gas is found to increase at a constant rate obeying a definite 
law which states that the pressure exerted by a given mass of any 
gas at a constant volume increases for each degree centigrade rise of 
temperature by a constant fraction of its pressure at 0°O, This 
Constant fraction is termed the pressure co-efficient of a gag: 


Date— EXPERIMENT 67 


To Determine the Pressure Co-afficient of Air 
at Constant Volume 


Theory—It Po ba tke pressure of а given mass of afr аб O°O;. 
Pi that M tU “ind Р, that at temperature fa and if Ya be thes 


Pressure co-efficient, then. 
Р, =Р,(1+ У) and Ps =р,(1+ Yote) 


DEP 
« Ру, 1+Уойї whence, раг 
а 


МАР ЛТ» 


—Constant volume air thermometer. a besker partly 


A tui К 
ped cd stand and heating arrangements, thermo- 


filled with water, trip 

Meter and а clamp. 
A oonstant volume air thermometer consists of а large Р glace 

bulb ni io end of a thick walled capillary glass tube bent twice аі. 
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right angles (Fig 124). The capillary tube terminates into a wider 
tube at the other end. A long piece of stout fiexible rubber tubing 
ds connected to the lower end of the wider tube, The other 
end of the tubing is connected 
to another glass tube open at 
the top. The bulb with its 
attached tube and the open 
glass tube can be separately 
moved along vertical uprights 
on each side of a wooden 
stand and may be clamped at 
any position. A vertical scale 
is either fixed or engraved on 
the wooden stand. There is 
either a mark or a small ivory 
pointer within the glass tube 
just where the capillary tube 
widens out. Part of the 
vertical tubes and the whole 
of the rubber tubing are filled 
with pure dry mercury. The 
suh bulb and the capillary tube 
і MiS , contain air only. The base 
4s provided with levelling screws. In some apparatus a three 
way key O is fitted by which the bulb can be exhausted of air or 
an b. filled with any other gas, 


Procedure—Fill a beaker or a metal vessel slmost completely 
‘with water and place it upon a tripod stand. Bring down the open 
end of the apparatus to a sufficiently lower level and clamp it there, 
бзге being taken that mercury does nob spill from that end. Lower 
‘the bulb of the instrument 80 as to dip completely in water within 
‘ha beaker as shown in the figure. Clamp а thermometer T verti- 
RD rem ae temperature of water. Wait for sometime so that 
the temperature of air inside the bulb attains the temperature of 
reat ы, By raising or lowering the open tube bring the mercury 
prd. within the closed tube to ‘touch the ivory poivter ard read 
"the coated levels of tho open and c'osed tubes with reference to 
ane алов scale attached. Read also the atmospheric pressure 
the M eae If the evel at A is higher than that at B then 
adie ERS QUTD enclosed air is the sum of the atmospheric ргевеоге 
A is lower d P a ames If, on the other hand, the level at 
rezsure minus she difference LEE: ig pressure is atmospheric 


Now heat the beaker and stir the water inside slowl 
i y. When the 
шешт ич пае higher value by 30 to 40°C above the room 
aay ШУ spina $ed flame so as to make the temperature constant 
Oe aero djust t the level of the open tube so that 
mercury level touches the ivory pointer, Measure the difference of 
méroury levels and thence find the pressure of the enclosed air ab 


cu m —— 
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sone known higher temperature. From these two temperatures and 
ргәззпгәв, the pressure co-efficient may be found applying the formula. 


Results—(Typical) 


Reading of the end A (open) . = 40-4 om. 
Reading ,. » » В (closed) = 34.3 om. 
Initial temperature ` -98'0 
Barometric pressure = 75-8 om. 
'. Initial pressure P, of the gas —81-3 ош. 
Again, reading of the end A = 40-4 om. 
ДЕ D B — 53.8 cm. 
Final temperature = 55-5^Q. 
Barometric pressure = 75.8 сш. 
-. Final pressure Ps of the gas И =89 cm, 
R9 -RI'R 


LI aI OTA ea * LJ б 
Mm IITUUO И cet С 

Discussion—Tae mean value of Уз for а real gas is 000366. 
Thas the percentage of error is 1%, While carrying out the experi- 
mont, care must be taken so that the stopper O is tightly closed. 
В Моге taking any realing sufficient tims must be allowed for the air 
inside the balb to attain the temperature of the bath. This method 
suffers from a gool accuracy inasmuch as the final calculation is 
made oily from two readings. Greater acouracy is attained by 
extrapolating the value of Po from а graph of pressure and tempera- 
ture at constant volume. 


Geaphical Msthod of Determining Pressure Co-efficient—The 
method consists of the following procedure: Put the bulb of the 
air thermometer into the water bath at the room temperature and 
wait for 5 to 6 minutes. Insert also a mercury thermometer into 
the bath and record the temperature. Now raise the open end A of 
the mercury column, till the level of closed mercury columns in B 
touches the ivory pointer. Read the height of the mercury columns. 

Now briag в Bansen burner below the water bath and heat the 
bath. While the bath is beirg heated, stir water constantly to ensure 
a uniform temperature of the bath. When the temperature rises by 
about 5 to 10°C adjust the flame to а smaller tip and try to make 
the temperature of the bath constant for about three to four minutes, 
slowly stirring water all the while, When the bath temperature 
remains constant, adjust the level in A so that level in B touches 
the pointer. Repeat ng such a precess, take five or six readings at 
intsrvals of approximately 10°0. Tabulate the results as shown below. 


.| Level Level р Act ial 
No. of inA in В gas 
Readings / Press. 
om. em. М ЗЕТ 
167 
80'0 


200 INTERMEDIATE PRAOTICAL PHYEIOS 


Then on а graph paper choose suitable units to represent the 
95 95 temperature of the 
HH uH eeu EEEn Hinana bath ав abscissa and 
in HEHEHE actual gas pressure 
ЕЕ H E Hf аз ordinate arid plot 
E : : points, Pass а 
straight line evenly 
through these points 
8C and produce it to 
meet the pressure 
H75 axia to а certain 
- i EEE point, say B, which 
Ei ШЕННЕ 70 gives the pressure 
HHH corresponding bo 
t 00. The pressure 
HTS Po according to the 
HIHISHREHIEHEEUE НА method d еза 
1 р tion is found to be 
Todo uo EA Ea 1 div. = го 0 70 ош, (Fig. 125). 
Now taking any 
point on the graph, 
find the pressure and corresponding temperature. Taking the 
temperature of 60°O, the pressure is found to be 85'5 om. Hence 
avcording to the equation,— 


85' =70\1+7, x 60) whence ¥y=0003t9 per *Q. 
The alvantage of this graphical method is that the result so 


Obtained is the average of a larga number of readings and is 
therefore more accurate, 


о 
[=] 


i 


со 
© 


1 div=0°5 cm, 
© 


x 
a 


шә 


Pressure in сш. 
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Fig, 125—Temperature-Pressure Graph 


ORAL QUESTIONS 


If it is called an air thermometer, can it actually measure a temperature ? 
If so, how? Why is a gas thermometer taken as a standard thermometer ? 
Is the coefficient of cubical expension of all gases the samo? Is it possible to 
find the pressure of the enclosed gas at 0°C without actually maintaining the 
temperature of tho bath at 0°O? If во, how? What is meant by the pressure 
общ of a дав? What is the distinction between a real gas and an ideal gas? 
о you know an equation giving the pressurc-volume relation of a real gas ? 


Expansion of a gas at Constant Pressure 


, It uS found by Oharles that at constant pressure, the volume 
à ^ given mass of а gas inorsases for each degree centigrade rice of 
emperature by а constant fraction of its volume at 0°C, This is 


RE as Charles’ Law, This relation was afterwards verified by 
ay Lussac and more accurately by Regnault. 


Date— EXPERIMENT 68 
To pum the Exparsibility of a Gas at Constant 
ressure by Regnault's Apparatus 


Theory—If Vi and V; be the volumes of a gas under constant 


Pressure at їз О and /,^0 and ify, be the coefficient of cubical 
expansion af constant pressure, 
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Then Vi=Vollt+ypta) and Vs —Vo(1- 5.) 
where Vo denotes the volume of the gas at 0°. 
From the two equations, we get, 


Vo L1 t? tg V.a- V 
a= whence yp=—*—_+—. 
Vi lys 25 Vits — Vots 
Thus knowing Уз, Ve. її and te, the value of yp can be 
determined, 


Apparatus — Regnault s constant 
pressure air thermometer. a cənti- 
grade thermometer, a steam boiler 
and its accessories. 


The apparatus consists of a 
glass jacket J containing a U-tube 
AB with its one limb ending in a 
bulb B while its other limb is 
open to atmosphere (Fig. 126). 
The closed limb is graduated in 
cubic centimetres. A short glass 
tube О having а stop-cock and 
Passing through the base of the 
socket is attached to the bottom of 
the U-tube. There is a copper 
tube, passing through the base 
with its both ends outside. There 
is also a stirrer to keep the mass 
of water in circulation. 

The jacket is ordinarily filled 
with water at the room temperature upto a level that the bulb B 
is completely immersed in it. А liquid of low vapour pressure, 
generally sulphuric acid, is contained in the lower part of AB while 
the upper part of the closed tube is filled with the gas under 


investigation. 
Procedure—Fix a thermo 


Fig. 196 
Constant Pressure Thermometer 


meter so as to record the temperature 
of the water of the jacket, The balb of the thermometer should be 
as near to tho bulb of U-tube as possible. By pouring in more of 
the liquid through the open limb or letting out some by opening 
the tap at T, bring the liquid in both the limbs of the U-tube to 
the samo level. The equality of the levels may conveniently checked 
with a T-scale. The pressure of the enclosed air is then „equal to 
the atmospherio pressure. To be sure of the uniformity of the 
atmospheric pressure, read a barometer at the beginning and at the 
end of the experiment. Note the volume V; of the enclosed gas 
and initi emperature із. : 

DORT ‘Toller to the copper tube by a rubber tubing and 
pass steam through he heater tube. The thermometer indicates 5 
slowly rising temperature. Slowly stir the water in the jacket, The 
gas within the bulb expands and the liquid within the closed limb 
is found to be gradually depressed downwarde. 
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When the temperature of the liquid is fairly higher, regulate the 
flow of the steam from the boiler with a pinch cock atsached to the ' 
Р 2-22 rubber tubing so that the temperature be- 
comes stationary for a few minutes, the 
water being stirred all the while. This is 
necessary, because air within the bulb and 
the gla:s walls being poor conductors of 
heat, do not immediately attain the tem- 
perature of outside water. By opening 
the stop cock draw out some liquid from 
the U-tube drop by drop to make the 
levels of liquid equal. Read the tempera- 
ture of the bath as well as the volume of 
the enclosed gas. Hence obtain Ve and 
із. Taus from the formula calculate the 
value of Yp 


To get more than one set of readings, 
raise the temperature of the jacket by an 
even step of approximately 10°C and make 
the temperature constant and take the 
reading of the enclosed air at constant 
pressure in the usual way, Thus obtain 
а number of readings from which calcu- 
late yp The mean value of yp gives the 
coefficient of increase of volume at a 
1 constant pressure, Read the barometer 

Fig, 127 again at the end of the experiment. The 
mean of the two readings gives the average pressure. 


A more improved type of apparatus to find the volume co-efficient 
is shown in Fig. 197. It consists of a glass jicket containing water 
nearly to the top. An electric heater H is used to heat water and 
Көөр it аб any desired temperature А glass U-tube containing а 
bulb B at one limb is placad inside the jacket. There is another 
tube R connected to the lower bend of the U-tube and this tube 
terminates іп а wider open glass tube J A part of the U-tube and 
its connected tubing are filled with sulphuric acid. The gas under 
examination is enclosed within the bulb and is cot off from atmos 
phere by the stop-cock S. The volume of the gas inside is read by 
adjusting the height of the open column by the clamp О so that 
the levels of the liquid within the limbs of U are equal. The 


exp3rimental procedure and recording of data are similar. 
Resul's — 


—— 0 и s 
No. of | initial | тонар | Final 


Readings po di volume | Temper- 


ature 
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Discussions —To maintain а higher uniform temperature of the 
bath is a matter of delicate and troublesome adjustment, The gas 
is a bad conductor of heat and consequently to raise the gas inside A 
to a fixed temperature, the water of the jacket must be kept at that 
temperature for a few minutes. The expansibility of all gases is fairly 
constant and its accepted vslue is 0'00366 per degree centigrade. 

G-aphical Extrapolation Method—The temperature of the jacket 
is raised 5 to 10°C above the room temperature and maintained 
constant for 3 to 4 minutes by regulating the flow of steam and by 
continuous atirring. The gas within the bulb thereby acquires the 
temperature of the bath. Immediately the levels of the liquid within 
the arms of the U-sube are brought to the same level and the volume 
of the gas as well as its temperature are recorded. In this way by 
increasing the temperature of the jacket at an approximate even . 
step of 10°O and maintaining the temperature constant for some time 
at the end of the step, a number of volumes and corresponding tem- 
poratures are taken and observations tabulated in the following way : 


No. of Temperature Volume Barometrio 
Readings of bath of gas pressure 
Peres d RE 
o co em. 
1 и — | 245 759 
2. 30 25'0 
8. 40 25°6 m | 
4. 50 26°75 m 
b. 60 276 75'9 


Tho baroneter is real at the beginning and the end of the 
experiment. With suitable 30 2 
units, points are plotted on 
a graph paper with tempera- 
ture ag abscis:a and volume 
as ordinate. Along the 
volume axis б or 10 small 
divisions should represent 
loo, A straight line 18 
made to pass evenly through 
the points to meet the 
volume axis af some point 
A, (Fig 198) which measures А 
the volume of the £58 at d a 
0°0. According to the graph. Wemperaturo in Centigrade Ldiv.=1°C. 

Ven le found iip be аа Fig. 128—Volame-Temperatare Graph 


Taking any pont on the t 5 
rib, Nola mà at any other tenperature 18 found, Tnis volume 80 


found ab 60°O is 27:5 co. Then from the equation, 
97°35 =22 3(1+7,*60), whence Ур='00110 per °C. 


25 


ы 
U 


» 


Volume in o.c div. = 0*250.c. 
3 


a 
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ORAL QUESTIONS 


Define Charles’ ard Boyle’s laws. What is your idea about absolute zero ? 
Why is it necessary to adjust liquid levels at an equal height before taking any 
reading? Why do you maintain the temperature of the bath constant for some 
minutes before reading the volume of the enclosed gas? ? 


Fusion and Solidification 


The fusion is the change of a substance from solid to the liquid 
state. We ordinarily call this process melting. If any homogeneous 
solid substance is gradually heated, it is found that a temperature is 
reached at which melting starts, This temperature remains constant 
until the whole of the solid melte. When the process of melting is 
complete, temperature rises again. Therefore, the temperature at which 
fusion starts and continues to take place until the whole of the solid 
is converted into liquid is known as the melting point of a substance. 


Oonversely, if a quantity of liquid is continuously cooled, its 
temperature gradually falls down until at a certain temperature the 
liquid begins to solidify. The temperature remains constant through- 
out the process of solidification and is called the freezing point of 
the liquid. It therefore follows that the melting point of a solid is 
the rame as the freezing point of the corresponding liquid provided 
the outside pressure does not change. 
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To Determine the Melting Point of a Soiid 
(By the Capillary Tube Method) 


Theory—If a solid is continuously heated, a temperature is 
reached at which melting starte, Conversely, 
when the same substanco in molten 
condition is gradually cooled, & temperature 
is reached at which solidification starts. Both 
these temperatures are theoretically identical 
under the same pressure and may be: ealled 
the meltirg point of the solid, 

Apparatus—A beaker, a thermometer, 
parafin wax, some quantity of water, thin 
walled capillary tube and heating arrange- 
ments. ; 


Procedure—Teke a small quantity of 
paraffin wax in а basin and heat ib, When 
the paraffin melts, suck a small quantity of 
it into a thin walled capillary glass tube 
about’ 4 to б inches in length. On cooling, 
the paraffin solidifies within the tube, Then 
seal the lower end of the tube in a Bunsen 

ame, 

Place a beaker half filled with water on 
a tripod stand as shown in Fig. 129. Tie the 


Fig, 129 
sealed capillary tube with the stem of the thermometer so that 
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the paraffined part is in contact with the bulb. Fix the thermometer 
vertically with its bulb completely dipping in water and heat the 
beaker slowly. Stir water continuously and keep a close obser- 
vation on the capillary tube. When the capillary tubes becomes 
suddenly transparent, it is an indication that the paraffin has just 
melted. Note the temperature. Take away the flame and stir the 
liquid continuously all the while. When again paraffin inside 
capillary tube looks as а white mass, іб is an indication that the 
paraffin has just solidified ; note the temperature again. Take the 
barometer reading. Find the mean of these two temperatures. which 
gives the melting point of paraffin at the observed pressure. Repeat 
the observation at least three times and find the mean value. 


Results— 
No. of Temperature Tempers Melting point| Mean D GS 
3 f meeting | of solidifica- е S | 

Roadings| ° o i 6 С pressure 
in °O tion *O | a 
58'7 575 581 
578 5T'8 58'4 584 76:2 
580 58'0 t84 


Diseussions— The water is to be heated slowly with a small 
fame otherwise the rate of rise of temperature is so rapid that it is 
dificult to observe the temperature at whioh paraffin just melts. 
The walls of the capillary tube should bs thin as otherwise the 
temperature of water may not bə equal to the temperature of the 
Tho water whils baing heated or cooled should always be 
ure a uniformity of temperature. The temperature of 
3. differ by more than one or two 


paraffia. 
stirred $o ens 
melting and freezing should no 
degrees. 

ORAL QUESTIONS 


hat is meant by melting point of a substance? Why a thin-walled 
Кан tube and not a thick walled tube is selected to measure the melting 
point? What is the fundamental difference betweed the solid and liquid state 
? ou account for this difference from the stand polnt of 


of a substance? Oan y Ў 
moleoular theory ? In finding melting point, why do you take both melting 


and freczing points ? 
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To Determine the Melting Point of Solid 
(By Oooling Curve Method) 


ə of solid is continuously heated, its tempera- 
til melting starts, But when melting of the 
solid once starts, the temperature remains unaltered for some time 
under a constan pressure. This temperature is the melting point 
of the solid, Conversely, if the substance in а completely molten 
state is allowed to cool, the temperature is found to fall with time, 


Date— 


Theory—lIf a piec 
ture rises with time un 
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until solidification starts. So long as the solidification continues 
the temperature does not change. This corstant temperature is the 
solidifying point of the liquid which is identical with the melting 
point of the corresponding solid. 


Appara us—A beaker, a test tube, a thermometer, some paitffin 
wax, & clamp, heating arrangements and a stop-watch. 


Procedure- Fill ¿bout half a test tube with paraffin wax and 
Place 16 in the beaker partly filled with water. Heat the beaker 
until the whole of the paraffin wax within the test tube is come 
pletely melted and its temperature rises to about £0°C, The quantity 
of parafin wax within the tert tube should be such that the bulb 
and a little of the stem of the thermometer should dip into the 
molten parafin wax. Stopper the mouth of the test tube loosely by 
a cork with two hol.s; the contral’ one for the insertion of the 
thermometer and a side one for а stirrer to pass through. 

Take out the test tube from the beaker ard clamp it vertically 
in air. Stir the molten wax slowly anE start а etop-watch, Record 
80, temperatures at intervals 
of one or two -minutes 
as the wax cools down. 
After some time it is 
observed that the tempera- 
ture remains very nearly 
constant for some minutes, 
indicating that solidifica- 
tion has started. Stir 
the mags slowly so that 
heat is uniformly rin 

a ER CR 50 buted within it. er 

Time in minute 1 div.=1 minuto kete hollat the mass is 
sig em coverted into solid, the 

temperature again falls with time and take a few falling temperatures 
after every one or two minutes, Plot a graph with time as abscitsa 
tod temperature as ordinate (Fig. 180). The temperature correspondirg 
® straight part of the graph gives the meltirg point of the sclid, 


Temperature in°C 1 div.—1°C 


Results— 

тиле Temperature | Time Tempera'ure | mime | Temperature 

2 0 шїп. "0 min. *0 

СЕ 

0 Т9 14 605 38 | 598 

4 71 16 59:5 30 58 

6 68 18 59 94 Бт'Б 

8 655 20 58'5 86 56 

22 59 40 53 

10 63'5 24 59 46 48 

12 63 26 59 50 46 


Henoe the melting point of the rample of paraffin = 59°0, 
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Discussions— The rate of fall of tempera&ure as the substance 
cools down depends upon the mean excess of temperature of the 
substance over that of the atmosphere, the quantity of the substance 
and its specifio heat. The duration of the constancy of temperature 
during solidification depends upon the mess undergoing the change 
of state and its latent’ heat of fusion, Hence for a satisfactory seb 
of observationsp the quantity of the substance taken should neither 
be small as then the period of solidification would be too short, nor 
the quantity should be very large as then the rate of fall cf tempera- 
ture would be too slow. 


ORAL QUESTIONS 


What is meant by melting point of a solid? What happens to the mole- 
cules of the solid when it is in a liquid condition? Why is it that during the 
Process of melting the temperature does not change, although heat is being 
continuously applied? What process of melting point determination app'ars. 
to you to be more accurate,—capillary tube method or the lump melting 
method,—and why ? 


Hy grometiy 

The study and measurement of the quantity of aqueous vapour in. 
the atmosphere is called Hygrometry. The formation of dew, fog. 
rain, etc. sufficiently indicates the presence of water vapour in the 
atmosphere, The proportion of water vapour in air changes with 
lowering of temperature of air, and a certain stage is reached at which 
air becomes saturated with water vapour. Ab this stage a light fog 
is formed all above the space or sometimes emall drops of dews are 
deposited on some objects lying in open sir. Hence the dew 
point may be defined as the temperature ab which в given mass of 
air becomes just saturated with the quantity of squeous vapour 
actually present in it. і 

Relative humidity gives us information regarding the rroportion 
of aqueous vapour in the atmosphere. Absolute humidity is defined 
as the quantity of aqueous vapour actually present in a given volume 
of atmospheric air and is expressed in grammes per cubic metre 
of air. | 
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To Determine the Relative Humidity with a 
Daniell's Hygrometer 
Theory—The relative humidity is «xpressed ав a ratio, which ів 
Saturation vapour pressure ab the dew point 
Saturation vapour pressure at the room temperature : 
This ratio multiplied by 100 gives the percentege of relative 
humidity. 
Apparatus—A Daniells Hygrometer, а vapour pressure tahle, a 
funnel and freezing mixture. 


A Daniell’s Hygrometer consists of two glass bulbs Py. В, соп- 
nected with в glass tube bent twice ab right angles and mounted on 
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a vertical stand (Fig. 131). The lower bulb B has on its outer surface 
a gilb band and contains a sensitive thermometer inside it. Another 
thermometer T is fixed with the vertical stand. The two bulbs 
connected by the glass tube contain liquid ether and its vapour only. 
Whenever necessary liquid ether can be transferred from one bulb 
into the other by the process of tilting: 

Procedure—Tilt the instrument and transfer almost the whole 
quantity of ether into the bulb Br. 
Place the bulb Bg within a funnel 
containing а mixture of ice and 
ealt, The bulb Bg is cooled rapldly 
and consequently ether vapour in it 
condenses producing a partial vacuum 
within it. This causes evaporation oj 
ether in bulb Bi. As more and more 
vapour condenses in the upper bulb 
there is в continuous evaroration 
from within the lower one. This con- 
tinued evaporation cools the bulh Bi 
gradually and ultimately a certain 
temperature is reached at. which а 
thin film of dew appears on the gilt 
band. Closely observe the bulb B4 and 
mark the instant when the brightness 
of the gilt band suddenly grows fainter. 
This is the stage when dew appears on 
this bulb. Note this temperature 
from the inside thermometer. 

Take away tho funnel containing the freezing mixture. The 
temperature of the bulb is found to rise gradually, Note also the tem- 
perature at which the film of dew Point disppears. From the vapour 
pressure table find the saturation pressure of water vapour ab the 

_dew point and room temperature, The ratio of the two gives the 
relative _ humidity ог hygrometric state. Record three sets of 
observations and calculate the mean value of temperature, A vapour 
Pressure charb ia supplied at the end of tbis book or it can be had 
in any book containing Tables of Physical Constante. 

Results—(A typical set of data) 
Temperature of the Laboratory = 25*0 


Fig. 131—Danioll’s Hygrometer 


No. of | Dew |Dewdis| Mean | Saturation | Saturation 


$ Relative 
readings) appears | appears ew press. at press. at ; 
| З Point | dew point | room temp. Нишу, 
oS c 
[7 
g K °д m.m. m.m, 
1. 154 155 
2. so | 188 | 154 1912 . 23°69 0:55 


8, 164 m 
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Discussions —Therefore the percentage of relativ idity in thi 
particular experiment is 055 x 100= box. The бй ei) hot bo 
very near the bulb as the hot breath interferes with the formation 
of dem. RU is always advisable to observe the formation of dew 
from a distance through a telescope. Since a current of air is detri- 
mental оте гара of dew, the experiment should be carried 

n &place free from an usty wi i i 
Ea ge ca y gusty wind, as otherwise spurious 
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To Determine the Relative Humidity by 
a Regnault's Hygrometer 


: Theory —The relative humidity is expressed as the ratio which 
is 

E Saturation vanour pressure st the dew point 

Saturation vapour pressure at the room temperature 

This ratio multiplied by 100 gives the percentage of relative 
humidity. 

Apparatus —Regnaul;'s 
quantity of ether. 

The apparatus consishs 


hygrometer, two thermometers, some 


of two glass test tubes G, G held verti- 
cally on a suitable stand. One test tube (the right side one of the 
Fig. 132) is connected internally by а hollow pipe P which is con- 
nected by а rubber tubing to a large vessed A called the aspirator, 
provided with a stopcock D at the bottom. Both the test tubes are 
coated with thin shoots of silver G G and have got air tight rubber 
corks. Two holes aro bored through the rubber cork of the test 
tubes which has internal connection with the aspirator. 
Procedure—Open the stopper of the aspirator and fill it com- 
pletely with water. Place the 
aspirator on a flat dish and fit up 
the stopper tightly. Connect а 
rubber tubing between the glass 
tube of the stopper and the pipe 
of the hygrometer. Pour а quan- 
tity of liquid ether into the right 
side test tube and insert a ther- 
mometer T, into ib through ons 
hole of the cork so that the bulb 
of the thermometer dips into the 
liquid. Introduce through the 
other hole a bent glass tube so 


that lower end of the glass tube 
is well inside the liquid. Pus Fig.132—Regnault's Hygrometer 


another thermometer T, into the other test tube through its stopper 


ав shown. 
P. P,/14 
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Now partially open the stop-cook of the aspirator, when water 
flows down producing a partial vacuum inside it. Atmospheric air 
rushes through the pipe O into the test tube and thence into the 
aspirator through the connecting pipes. Air in passing through the 
test tube bubbles through other and helps the evaporation of the 
liquid to a great extent, This produces a continued cooling of the 
test tuba and the temperature of the thermometer Ts records а 
gradual fall. Obsarve closely the silver coating of the gradually 
cooled test tube and when а film of dew is just formed on this 
coating, note the temperature of dew formation, Then close the 
stopcock of the aspirator when the bubbling of ether ceases. The 
colder tesb tube now absorbs atmospheric heat and the thermometer 
Т» shows а gradual rise of temperature. Note the temperature at 
which dew just disappears. It is better to stand a few feet away 
from the test tubes and observe the dew formation through а 
telescope. The apparatus should be kept away from wind. The 
mean of the two temperatures gives the dew point, The temperature 
Tı records the room temperature all the while. 

Results—(A typical set of data is given) 

Room temperature = 26'0°O, 


Tomperature of appearance of dew =17°0 
Temperature of dizappearance of dew -178'0 
“. The mean temperature -174'0 
Saturation vapour pressure at dew point temperature = 14.92 mm 
" э " » IO00m 13 =95'69 mm 
.^ Relative humidity = 0:58 


Hence the percentsge of humidity is 58%, 
Discussions—The same as the preceding experiment, 
ORAL QUESTIONS 
What is meant by relative humidity ? Define dew point. What is the 
distinction between saturated and unsaturated vapours? A space is just 


saturated with water vapour, what is your idea regarding the dew point tem- 


perature? What is meant by vapour tension? Wet clothes dry more rapidly 
in winter than in summer ; explain this. 


Dry and Wet Bulb Thermometers 


Another type of a hygrometer, known as a Dry and Web bulb 
thermometers and widely used for Meteorological purposes, will now 
be deals with. Ib is also called Psychrometer or Mason’s hygrometer. 

The de:oription of the apparatus is given in connection with the 
experiment. As water evaporates from the bulb of the wet thermo- 
meter, the temperature ag indicated by the wet bulb is lower than 
that of the dry bulb, The difference in the readings depends on the 
hygrometric state of the aire On a very dry day evaporation would 
be very rapid and consequently difference of the readings increace?. 
Conversely on a moist day evaporation is slow and the difference is 
less, Glashier made a Systematic study of the difference of tempe- 
tures of the thermometers at various conditions of atmosphere and 
made a tabulated chart giving the relation between the difference 
of temperatures of the dry and wet bulb and that between the room 
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temperature and dew point. This relation is called Glashier's factor: 
which is given at the end of the book, 

Now-a-days the manufacturers of dry and wet bulb thermome-- 
"bera ‘supply a charb giviag the relations between the percentage of 
humidity and the temperatures of the dry and wet bulb thermo- 
meters, This is & ready and more accurate method of finding the- 
relative humidity. A chart of this type is also supplied at the end 
of this book. 
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To Determine the Relative Humidify by Dry and 
Wet Bulb Thermometers 


Theory—If tı and ja be the temperatures сї а Cry and wet bulbs 

thermometers and і the temperature of а dew roint, then 

tr-t=F (i -ts 
where F is the Glashier's factor depending upon the temperature cf 
the dry bulb. 

Apparatus—A dry and wet bulb thermometer, Glashier's table- 
and Regnault's table. 

Tho apparatus (Fig. 13%) consists of two exactly similar mercury. 
thermometers mounted vertically side by side on the same stand, 
The bulb of one thermometer is freely exposed to air and is designed 
to record atmospheric temperature, while the bulb of the other ig 
covered with linen which is kept continuously S 
moistened with water by means of a cotton 
wick dipped into the water kept in a small 
reservoir P under the thermometer. 

Ргосейпге— Роб sufficient tap water into 
the reservoir. The wick continuously soaks 
water and the linen around the bulb of the 
wet thermometer becomes moist and water 
evaporates from it producing a lowering of 
temperature. The difference of the tempera- 
tures of the two thermometers depends upon 
the rate of evaporation of water and conse- 
quently upon the proportion of water vapour 
already present in the atmosphere. Wait for 
sometime until the temperature of the wet 
bulb becomes steady. When this is so, record 
the temperatures of both the thermometers, 

After ascertaining the dew point temperature from the Glashier'e. 
table, get the seturated vapour pressures at the room temperature 
and dew point from Regnauli's Table, whence relative humidity ів 
cdlculated. Ib is essential that the two thermometers should be 
identical in recording temperatures and as such a comparative cali- 
bration of the two thermometers is necessary, 


| 
[ 


аш 
i 


Fig. 188 
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Results—At Calcutta on 27.7.73 at 11 A.M 
Temperature of the Dry Bulb=85°f=31'1°O 
Temperature of the Wet Bulb=826°F = 959) 
Glashier’s factor for dry bulb temperatura at 3170-164 , 
Hence 31'1—¢= 1'64 (311—298) zw i= 9690 
From Regnault's Table, 
Saturation pressure at the dew point temperature 
96°C=25'13 mm. 
-Saturation pressure at the room temperature 
31120-3376 mm 
^ x 2513 
R H == 
Wenco Relative Humidity 3316 074 
or Percentage of Humidity — 749. 


Discussiois—The experimental determination of the dew point 
às в very uncertain factor due to very many causes. This method 
‘of measuring humidity does not require the determination of the 
‘dew point. For this reason, it is accurate and also less troublesome. 
The other advantage is that a continuous determination of dew 
point is also possible with this apparatus. There are other forms of 
Table from which the vapour pressures of water and the percentage 
of humidity may be directly obtained from the readings of dry and 
wet bulb thermometers. 


ORAL QUESTIONS 


Define hydromotric state of the atmosphere and dew рэп. What is tho 
asefulness of humidity determination in meteorology ? Sweating is copious in & 
hot and damp atmosphere, explain, Why is the temperature of the wot thermometer 
EM gone than that of the dry thermometer? When aro theso two same 
and why š 


Vaporisation and Condensation 


The change of state of & substance from the liquid to the vapour 
or gaseous state is known as vaporisation, while the change of a 
substance from vapour to the liquid state is known as condensation. 
Ee "uu the circumstances under which it takes place, tte 

cass of vaporisati i iati 2 ЕБ 
ebullition or Boiling. lon is distinguished as evsporation 

Evaporation is a slow chan "t 

i ge from the liquid to the gaseous 

siema take place a£ the surface of the liquid and a£ all tem- 
peratures, Bbullition or boiling is а rapid change of substance from 
tha liquid to the gaseous state which takes place throughout the 
mass of the liquid and at definite temperature under given conditions 
for a particular liquid This temperatue remains constant through 
out the process, provided the Pressure remains unchanged. 
_ Factors influencing Boiling Point—Tho boiling point of a liquid 
is founi to depend upon,— 


(i) the vapour pressure on the surface of the liquid. 
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(ie) the presence of any dissolved impurity increasing the 
boiling point. 

(iii) to а small extent on the material of the vessel and 
degree of cleanness on its inner surface, 


The vapour pressure above a liquid at its boiling point 18 always 
equal io the superincumbent pressure, 
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To Determine the Boilirg Point of a Liquid 
by Bent Tube Method 

Tkeory—The boiling point of a liquid is the temperature at: 
which its vapour pressure is equal to the atmospheric pressure, 

Apparatus—A bent glass tube, а metal scale, a thermometer, в, 
beaker, some quantity of mercury and heating arrangemente, clamp,. 
stirrer etc. 

Procedure—Take а glass U tube of which ore limb is closed 
and the other is open (Fig. 134). The closed limb is shorter ard of 
length 10 to 12 om. The open limb is of length 25 to 30 cm. 

. The internal bore of the tube may be conveniently 0°5 to 06 em. 

Pour some quantity of pure mercury into the U-tube so that the 
level of mercury in both the limbs rices to about 6 cm, Place by 
means of a pipette a small quantity 
of the liquid on the mercury surface 
of the open limb. Then by a сор. 
tinuous tilting process transfer the 
liquid into the closed limb, also 
remove air from this limb by the 
same process. When this is dore the 
closed limb contains some liquid at 
the top and its lower part is E D 
occupied wholly with mercury. At 
this stage it is advisable to put an 
equal quantity of the liquid at the 
other limb to balance the hydro- 
static pressure of the liquid in the 
closed limb. 

Now clamp the U-tube vertically within the beaker. Now take 
some liquid whose boiling point is higher than that of the liquid 
under test and fill the beaker with the liquid upto a level to immerse 
the closed end of U-tube completely. Fix the metal scale and a, 
thermometer vertically by the side of U-tube, Place the beaker on 
a suitable stand and heat 18 by & small Bunsen flame, Also stir the 
liquid within the beaker continuously, 

It will be found that the mercury in the closed limb continues 
to descend due to the vapour pressure of the confined liquid. When 
‘the meroury levels in both the limbs are equal as seen from the 
metal scale, read the thermometer. Let it be T,*O. 


| 
Ed 


Fig. 134 


211 INTERMIDATE PRACTICAL PHYSIOS 


Heat the beaker a little more so that mercury in the closed tube 
üs a little below the other mercury level. Remove the burner and 
he liquid is sllowed to cool, stirring being continued all the while. 
The mercury in the closed limb is found to rise. Record the tem- 
perature when again mercury levels are equalised, Let it be Ta°0, 
The mean of these two readings gives the boiling point of the liquid. 
Repeat the observation three times. 


ZResults— 
Barometric Height = 


No. of Temperature | Temperature Mean Mean 
Readings | when heated | when cooled | Temperature | Boiling point 
r "g MM RS |[к<г=® | 


Discussions— This method has got many advantages over other 
methods of determining boiling points inasmuch as a very small . 
quantity of liquid is sufficient. Bat it is often a matter of difficulty 
‘Go remove air completely out of the closed limb of the tube. More- 
over а change of boiling point with a small change of pressure can 
5e studied. Boiling point of inflamable liquids can be studied by 
4hia method without any risk of explosion, It is equally applicable in 
*eolutions or pure liquide, 

ORAL QUESTIONS 


What is the distinction betw 
"pressure of a liquid? What is thi 


is the advantage of the J-tube method 
point ? 


‘Heat and Work 


E is a common observation that as work of the nature of friction 
or Impact is done, heat is developed. Tho more work is the done the 
larger is the amount of heat developed. 


a fee? peroration of heat by mechanical work and the production 

aK dstatte antenna” an intimate relation between heat and work. 
Oi wo А 1 

of heat. The relati rk must be done ёо produce a definite quantity 


т + ПОП 18 expressed as the First Law of Thermo- 
-dynimies, which is stated аз follows, after Maxwell.— 


where J is в constant after the name of Joul i 
If H=1 calorie, then J is equal in magnitude owe Hp ied 
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Hence this constant J is the energy equivalent to the unit of 
heat and is termed the Mechanical Equivalent of Heat or Joule's 
Equivalent. There are various methods of measuring J. 

The accepted value of J in British Thermal Units ( B. Th. U. ) is 
118 fb. Ibs. per pound-degree fahrenheit unit and in C. G. 8. unit 
4:19%1)7 ergs per caloric, For details vide Basu & Ohatterjee’s 
Intermediate Physics Vol. I Heat. 

Date— EXPERIMENT 75 


To Determine the Mechanical Equivalent of Heat 
by Searle's Apparatus 


Theory —Тһе amount of work required to generate a unit of heat 
is known аз the machanical equivalent of heat or Joule's equivalent 
and is denoted by J. In the O. G. 8. system, J is defined as 
the amount of work in ergs needed to generate 1 gram-calorio of heat, 

In the friction cone method of determining the mechanical 
equivalent of heat.— 

дтп Mgr 
(ms + m381)8s — 01 
where л = Боба! number of revolutions of the сопе. 
M load in gm. suspended from the pulley. 
g=acceleration due to gravity in C. G. 8. units, 
T —radius of the cover disc. 
т mass of the calorimeter with its attachments. 
8-3sp. ht. af the calorimeter with its attechments. 
та mass of the liquid within the calorimeter. 
81 = вр, hb. of the liquid. 

Apparatus — Searle's mechanical equivalent apparatus, a sensitive 

thermometer, some quantity of turpentine, stop-watch, a physical 


balance and weight box. 

The apparatus consists of tw! 
of copper or brass fitting into each other 
wooden dise D with a central hole 
is screwed to the top of the inner 
cone О, which serves as the calori- 
mater. The outer cone O is fixed 
through au ebonite rod tə а hori- 
zontal pulley near the base, which 
can be rotated by means of belting 
b going to a hand wheel W (Fig. x 
136. In some apparatus the rota. id "ES 


tion is effected by 8 controllable У 4 
electric motor. The rod supportirg C is held in sockets Bı and Bs 


containing ball-bearing arrangements. A cord is wound round the 
circumference of the disc E, the end of which passes over the pulley 
and carries a mass M at its end. There is э speed counter B attached 
to the revolving shaft, which measures the number of revclutions of 


the cone per minute. 


ergs per calorie, 


= 


o hollow truncated cones O and Cx 
(Fig, 135). A thin circular 
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Procedure—The whole procedure is divided into two parts, the 
. first part being preliminary adjustment. Take out the pair of metal 

cones and weigh the combination in a balance. Fill the inner cone 
to about three-fourths the volume with turpentine, Then mount the 
combination on the revolving shaft and screw up the wooden diso 
Properly with the load M. Fix a thermometer capable of reading 
% or zo degree into the central hole, so that its bulb dips into the 


Measure the temperature of turpentine. Then start the motor 
coupled fo the wheel W to secure а rotation of the outer calori- 
meter and start the stop-watch. Then load M is found to rise up 


records a rise of tempe- 
rature the rate being proportional to the speed of revolution of the 
outer cone. Adjust the speed of rotation of the motor until the 
temperature rises by about 70 to 80° in an interval of 3 to 4 minutes. 

When the proper speed of revolution has been secured, the real 
experiment is done in the following way. Discard the heated 
turpentine and freshly fill the cone with cold turpentine atout the 
Same volume and weigh again. Then fit up the cone with the shaft, 
Simulnaneously start the motor and a watch. When the desired 
highest temperature is reached, stop the mot 
If the apparatus is not provided with an elect 


led turpantene each time. Wh 


6,+6' 


rm 
T «9 
where T represents the interval during which the friction cone is 
made to revolve to generate heat, p ; 
ence 0+1=0, = corrected temperature, 
Results (Typical set) 
he mass of the 


air of =186'2 gm. 
THe mage def ae т of cones B 


and turpentine =311°4 gm. 
The mass of turpentine : = 195'9 E 
Sp, ht. of the material of the cone -01 
Sp. ht. of turpenting =05 
Diameter of the wooden disc = 9'9 ош. 
+", Radius of Ње diag =4'9 om, 
Number of revolutions per minute ' 2104 


Period of revolution =3 mins. 


= 
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Initial temperebure of calorimeter 


and contents —96'4?0 
Final temperature of calorimeter 

and contents = 31`4°0 
Time to cool 1°0 from final temp. —9'4 min. 
Radiation correction =0`4°0 
Final corrected temperature =31'8°0 
Load at the end of the string =9 Каш. 


Work dons = 2х 3'14 x 46 x 104 3 x 2000 х 981 orgs. 
Heat produced —(116 x '1 + 195'2 x '5) x (318 — 26'4) cals. 
2 x 3°14 x 104 x 2000 x 981 x 4'6 x 3 

81°21 +94 
=40x107 ergs/calorie, 


Discussions—There is some loss of heat due to radiation which 
may bə corrected; bub there is also some loss of heat due to con- 
duction through the supporting rod etc, Some little amount of 
energy is lost due to vibration of the apparatus and some due to 
sound produced during rotation. 


Hence J = 


ORAL QUESTIONS 


Define mechanical equivalent of heat and mention its unit. What is your 
idea regarding the nature of heat? Cite а few very common illustrations in which 
frlotional work is converted into heat. Is there any change in the observed value 
of J, if the space betwcon the cones is lubricated ? Explain. What are the effects 
of radiation and conduction losses on the observed value of J? Does the value 
of J change on changing the system of units ? 


Date— EXPERIMENT 76 


To Measure the Mechanical Equivalent of Heat by 
Callender’s Apparatus 


Theory—The mechanical equivalent of heat is the amount of 
mechanical energy ( usually measured in ergs or joules ) required to 
produce one unit of heat energy (usually one gram-calorie ) in the 
О. G, S. system. The ratio of mechanical energy spent (work done) 
and the heat developed is also known as Joule's constant J. 

In the particular type of Callendar’s apparatus,— 

J= Srrn(M -mg 
ms + ту$х)\бъ ЕА) 
п = number of revolutions during course of observation 
r=radius of drum 
M=load attached to the hand 
m=spring balance reading during ‘float’. 
g=acceleration due to gravity 
m mass of liquid within drum 
з = specific heat of liquid 
mis, = water equivalent of the drum 


ergs per calorie 


when 
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Apparatus—Oallendar’s mechanical equivalent apparatus, a sensitive 
thermomster, a stop watch, some quantity of liquid.. а physical 
balance and weight box. 


The apparatus consists of a hollow metal drum D kept in a hori- 
zontal position and is capable of bsing rotated along a horizontal 
axis at any desirad spaed by moans of a pulley and belting arranga- 
mənb coupled to an electric motor (Fig. 137). A band of silk T is 
*iachad аб one end to а spring balance B and is wrapped round the 
dram, the other end of the band oarries а oross-pieoe to which a load 
can b3 suspended. A speedometer ів fitted for measurent of rotation. 
Tae apparatus in Perspective is shown in figure 138. 


Procedara—Take out the drum and cleanse it. Meaiure the 
mss of the dram with tha balanca supplied, Take two such weights 
and find the mean. Now refix the drum and 
wound round the silk band and put & known 
load of 3 to 4 kilograms. When the drum 
is free to rotate, the Spring balance would 
fairly record such load. Now starb the motor 
and couple the pulley so that the drum rotates 
and the frictional force between the band and 
the drum tends to raise the load. The spring 
balance now records a decreasing pull. Increase 
, the speed of the motor slowly till the spring 

balance records a low and & constant reading, 
Fig. 197 Fig. 138 The opposing frlctional force nearly balances 
the load. The load at this stage is technically called ‘floating’ due 
to friotion, D 


d the silk band to attain the laboratory 
e and introduce through the hole of the 
of water of mass of about 150 to 200 
grams. Introduca also the bulb of a centigrade thermometer with 
le which also makes the drum water 
mperature. Then start the motor and 
eu» a constant speed for 5 or 6 minutes with 
d in a floating’ state, Read the spring balance every one 
readings. 

After Stopping the motor read the final temperature of water 


ithi 1 А h 
within tho drum. If necessary a cooling correction may be applied 
43 given in the Previous experiment, 


o typical get) 
488 of copper =43 
"Water equivalent = 430 - (9c og aca aie 
Capacity of the Pipstie=99 ec | i 
10 pipette-fulls of water introduced 
`. Volume of water introduced = 900 вс. ` 
or Mass of water within drum = 900 gm. à 
Load=4 kgms. = 4000 gm, | 


Spring balance readings=88 gm 90 gm., 91 gm.: 90 gm, 88 gm. 
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.'.Mean reading = 90 gm. 
Diameter of Drum = 19 cm., 11:9 cm., 12 om. 
Mean diameter=12 ош. 
Revolutions per minute=80 
Total revolutions in 5 minutes=400 
Initial temperature = £0'4*C. 
Final temperature = 25'3°C. 
The rise of temperature was small and so radiation correction 
Was not taken into account as it would be too emall. 
Now machanical work опа = (4000 – £0) x 380 x 304 x 02x 400 
ergs and heat generated = ‚900 + 31'7) (363 — 20°4) calories. 


= 5900 x 980 x 3°04 x 02 x 400 _ 419 x 107 ergs/oalorie 


238°7 x 5'9 
Log calculations : 
log 3910 =3'5922 log 238'7 =9'37 1 
log 980 =2'9907 log  5'9 = '7709 
log 19 =10792 10°7620 3'0480 
log 400 =9'6021 . 81490 
101621 anti log 761317 41х10" 


Discussions —The largest possible error arises in the measure- 
mmt of temperature differences, Although a one-tenth degree centi- 
grade thermom3ter was used, there might be an error + '1°0 in read- 
ing any temperature, Во the maximum error in reading a tempera- 
ture difference of 5'9°O might be 0'9°0 which equal to an error 
of 0'4%, A little amount of heat is absorbed by the silk band as 
wall as another little amount is conducted to the rotating shaft in 
addition to the amount lost by radiation, All these losses will not 
entail an error more that in temperature m3asurement, 


ORAL QUESTIONS 


Questions in addition to those of previous experiment. Gite a practical 
illustration in which heat is converted into work. Is it practically possible to 
convert whole of available heat into work? If not, why this isso. When electrical 

here a fixed relation between the two quantities 


energy is converted into heat, is t| i \ 
like heat and mochanical energy? Do you know of ару case in which magnetic 


energy is converted into heat? 


Date— EXPERIMENT 17 


To Measure ihe Specific Heat of a Liquid by the 
Methcd of Cooling 
Theory—lIf а calorimeter of water equivalent w containing m gm, 
of water bakes í, minutes to cool from 0570 to 0,°0, then 
(w+w) (@2-0:)=t,R 
where R is the averaga heat energy emitted per minute from the 
Surface of the calorimeter. 
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If the same calorimeter containing an equal volume of scme other 
liquid of mass mı gm and sp, heat s, takes íg minutes to cool for 
the same range of temperature, then also 

(w+ 0881) Р —8,)=„В 
dor ЕЕ whence $i =telwtm)_ w 
tg "tms; ti mi mı 

Apparatus—A calorimeter with stirrer, measuring cylinder, 
balance and weight box, a sensitive thermometer, an ordinary ther- 
mometer, water, kerosene and heating arrargements, 


Procedure—Find the mass of the calorimeter and rtirrer to the 
nearest decigram. Take two separate teadings of the mass and find 
the mean value. Take about 75 to 80 c.c, of water in a measuring 
cylinder and carefully find its volume, Pour the whole quantity 
of water into the calorimeter and weigh sgain. Take two euch 
weights, The difference gives the mass of water taken. Place the 
calorimeter with its contents on a sand bath and slowly heat the 
temperature of water inside being meacured With an ordinary bber- 
mometer, When the temperature of water rises to about 30°0 above 
the room temperature, take out the calorimeter and put it in its 
Proper casing, Fix up a contigrade thermometer into it and stir 
the liquid continuously bab slowly. Start the stop watch and take 
& record of falling temperatures 
at intervals of & minute till 
the temperature ccmes down 
to about б to 6°0 above room 
temperature. Again, take water 
ouf of calorimeter into the 
measuring cylinder and find 
its volume, 

ith the help of the measur- 
ing oylinder, take an equal 
volume of kerosene into the 
calorimeter and weigh again. 
Take two such weights, In 
& similar way, heat the calori- 
meter with kerosene to about 
30° above the room tempera- 
ture and allow it to cool down. 
Take the time-temperature 
record of falling temperatures. 
Draw the cooling curves of 
Fig. 189—Oooling curves for two Liquids the “a landde on а graph 
the time requi х paper (Fig. 139) Finally, fin 
рЫ НН from tho wets, liquids to fall through an equal range of 


a 


" 
© 


P 
ed 


Temperature in Centigrade Degrees 1 іх. = 0°5с 


5 С 15 
Time in minutes] div, Poste 


Results— 


Mass of the calorimeter and в 


Mass of calorimeter, stirrer a tirrer (mean) =80'2 gm. 


nd water (mc an) =164'6 gre 


| 
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Mass of calorimeter, stirrer and kerosene (mean) =1407 gm. 
Volame of each liquid taken =76 cc, 


Time-Temperature Charh 


Water | Kerosene | 
| | 
Time | Temp. | Time | Temp. | Time | Temp. | Time | Temp. 
min. M min. Ke min. xe} min. Се) 
0 57:50 B 496 | о 616 T 390 
1 5525 10 41°38 | 1 553 8 37:3 
2 5310 12 49'0 2 52:0 9 85:5 
3 611 14 871 8 491 10 340 
4 49'5 16 954 4 45°5 11 330 
5 430 18 340 5 493 12 32°0 
6 46'5 20 332 6 410 13 812 


Tims /, required for water to fall from 45° to 86°O=9'5 min. 
Tine tg required for kerosene to fall from 45° to 36°0= 5'0 min. 
5 902x1-«4744 9090 . 
= = ^ ='58 
ЕЕ д 59° 595 

Discussions — Since the rate of cooling depends on the emissivity 
of the surface, time and temperature, it is independent of the nature 
of the liquid kept within the calorimeter. The liquid muss not be 
heated much above the room temperature. Equal volume of the 
liquid must be taken each time as then the surface emissivity would 
be the same. = 


Thermal conductivity 

The total quantity of heat Q flowing through tke ЖОЛА 
(i) directly proportional to A, the area of cross-section, (ii) directly 
proportional to (@,—6:) difference of temperatures between the 
faces, (iii) directly proportional to the time ¢ in secs., (iv) inversely 
proportional to the length 1 of the material. 


2402) 05—01) t 
Then Q« 5751 At or Qaa CaF Mit 


where K=thormal conductivity of the material, 


The thermal conductivity of a material is the quantity of heat 
that üows in one second through unit area of a elab of that material 
of unit thickness, the difference of temperatures between the faces 
being unity and the flow of heat being normal to the faces. 


The thermal conductivity of metals is higher than that of поп»; 
metallic solids. With the exception of mercury and metals in the` 
molten state, liquids in general are bad conductors of heat. The: 
conductivity of gases in extremely low. 
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Date— EXPERIMENT 78 
To Determine the Thermal Conductivity of a Metal 
by Searle’s apparatus 


Theory—If two ends of a material of lergth 2 and cross-section 
A are maintained at temperatures Өз and Өү, then the amount of 


heat Q flowing from the hotter to the colder end in ¢ seconds is 
given by, 


Q-E^ a= 63) t 


when K is the thermal conductivity of the material. 


To measure Q, cold water is made to circulate round the colder 
end of the material through а pipe and if 0з and 0, be the tempe- 
tures of water at the inls& and outlet of that end and a mass m of 
water circulates in ¢ secs, 


Then Q=m (0,-0,)= ЖА (00) t 


_ ml (6,— 8,) 

whence K ДҮ (ТРЕ) (T; —T,) - 
Apparatus—A Searle's conductivity apparatus, a fixed pressure 

water tank, four sensitive thermometers, a beaker, a stop-watcb, в 

balance and weight box, a slide callipers, 


i The conductivity apparatus consists of a short uniform oylin- 
drical metal bar wrapped up with в thick eohting of felt witbin an 
(m wooden box (Fig. 

R 140) -One end of 

metal bar is placed 
in a small chamber 
S having two 
openings fitted with 
rubber tubes, Steam 
from a boiler can be 
rassed through one 
rubber tube into the 
chamber and thereby 
one end of the bar 
is heated. Tho 
other tube serves 
vity Apparatus as the outlet for 


Fig. 140—Searle’s Conducti 


» Which record the temperatures of 
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, Procedure —Take the metal bar out of the box and measure its 
diameter at four or five different places with the slide oallipers. 
Measure with в metre scale the distance between the centres of the 
two holes on the bar. Take two or three such readings for this 
distance. i 

.Then place the rod as usual within the box and connect the 
steam chamber with a rubber tubing to the boiler containing water. 


The outlet pipe for steam should preferably be dipped in water and 
kept in а separate reservior, in order that steam issued mny not 
unnecessarily be deposited on the table or the surroundings. 


Connect the delivery pipe of the fixed pressure water tank by a 
rubber tubing to the inlet pipe of the copper coll, and another tubing 
between the outlet pipe of this coil and the sink, Fit up four ther- 
mometers, two on the metal bar and another fwo at the ends on 
the copper tube. by means of rubber stoppers. 

Heat the boiler to get a continuous supply of steam which heats 
the end of the bar. Attach a pinch cock to the outlet pipe for water 
in order that water is made to circulate through the colder end in 
a small stream. When the thermometers T; and Ta at A and B 
record nearly stationary temperatures, adjust the pinch cock P so 
that the difference of temperatures as read by thermometers Т» and 
T, is nearly 5 or 6°O. Watch the temperatures of the inlet and 
outlet of circulating water ( Ts and T, ) for a while to verify that 
these two temperatures are constant. Take a dry beaker and weigh 
it to the nearest decigram. Then place іб beneath the outlet for 
water and simultaneously start a watch. Collect water for а known. 
interval, say, two or three minutes. Record the temperatures of the 
thermometers T4, Ta, Ts and T, which ought to give constant read- 
ings while the water is being collected. Finally, find the mass of 


the beaker with collected water. 


Results— 
Mean diameter of the bar =4'1 om, 
Distance between two holes =7'6 om. 
Temperature of the hot end of the bar = 83°6°O 
Temperature of the cold end of the bar =70°0 
Temperature at the inlet = 316°C 
Temperature ай the outlet = 44'5*0 
Mass of the empty beaker —1119 gm. 
Time of flow of water =9 шї: 
Masa of the beaker and water = 9,066 gm. 
à of waler collected in 

Mass of Mamin. (120 seo) =208'94 gm. 


k 208'94 x (44'5 — 81'5) x 7'6 
Therefore k = 314 x (2 05)" x (886 — 10) x 120 


per deg. per вес. 


= ()'99 cals. per om. 
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Discussions—The Constancy of temperatures of the thermome- 
ters is & matter of importance, For greater accuracy all four 
thermometers are to be compared and calibrated by placing them 
fn a bath of variable temperature, The conductivity of the circu- 
lating coil C is & matter of some consideration, which should be 
very thin and made of the same materials as that of the bar or 


should be made of highly conducting material such as silver or 
copper. 


ORAL QUESTIONS 


Define conductivity of a solid and give an idea regarding the nature of 
conductivity. Js conduotion possible in a liquid, how? Distinguish  cleary 
between the three processes of transmission of heat, Why does a piece of stone 
Íeel colder to be touch than а piece of wood ? Explain the function of the warm 
clothing for protection against chill Is Searle's method of measuring conductivity 
Suitable for materials such as glass? If not, why ? 


Heat Engines, 


Heat Engines are a class of machines in which heat energy is 
‘onverted into mechanical energy and work is therefore derived from 
heat. To this olass belong Steam Engine, Steam Turbine, Internal 

xmbastion enginas including Oil or Gis Engines, Petrol Engines 
eto. These ara sometimes called Prima Movers. 


Date— EXPERIMENT 79 
To Study the Action of a Mode! Steam Engine 


Apparatus and Principle of Worktng—In essential parts, the 
machine consists of a boiler L in which water is converted into 
steam by a snitable furnace (Fig. 111). This unit is kept separate 

: from other parts of the engine 

Y È and во is the name External 
velie \ Combustion Engine, The boiler 

ы N is provided with a safety 
\ valve N which limits the maxi- 

о o mum pressure of steam within 
|= i& and во the safety valve 
Protects the boiler from any 
damage by excess pressure. 
E en The principle of a safety 
г valve is that a valve presses 

RA | upon an opening of the boiler 
AG by force applied by lever having 
- its fulcrum at F anda load 
ig. 141 G at its end. When. the 
А steam presture within the boiler 

he Ы she Sah Value adjusted by iis safety valve device, the 
Ta П avo by the Steam raises the valve from its seat 
b it ut eds. ШЧ Steam. The quantity of steam within the 
end 1s thus reduced and its pressure falls when the valve cloges 


: Уй 


m 
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The візат from the boiler аб some fixed pressure is led through 
matal pipe into а device known as the steam chest or a valve 
cheat S. It is a cylindrical or rectangular stout metal box rigidly 
fixed to tha cyliader of tha engine. Just opposite to the inlet pipe 
the steam chest is provided with three openings or ports side by 
side. Tha two extreme ports connect the steam chest to the ends 
of the oylinder, and the middle one is connected to the exhaust. 
These two communicating ports are alternately opened and closed by 
a stoub metal valve called the Slids Valve or D-valve. The shape 
of the valve is such that in any extreme position it allows steam 
to pass into the cylinder through one port while it connects the 
other port to the exhaust E. 

The cylinder is made of mild steel and is capable of standing а 

high pressure. Tho joints are made air-tight except an opening ab 
Oae end through wich a sliding iron rod known as the piston rod 
passes. There is a packing in between the rod and the opening 
which prevents leakage of steam ‘The packing unit is called the 
staffiag box. A steam tight stout steel disc called the piston P is 
firmly screwed on to the piston rod. The piston is capable of sliding 
$3-and fro within the cylinder. The piston rod is connected with 
-bho driving rod atthe огозз-һез1 by a pin called the gudgeon pin. 
The driving rod in its turn is connected to the crank H by & crank 
pin. Таз crank which is rigidly connected to the shaft is а con- 
¢rivanca by which the to-and-fro motion of the piston rod is 
coaverted into the rotatory motion of the shaft. The D-valve has 
alio a rod Т connected to it. This rod passes through a steam 
tight stuffing box and is linked to a cross-head through а gudgeon 
pin. The connecting rod from the cross-head terminates to an 
geocentric wheel on the shaft. Tho shaft passes through bearing and 
carries a heavy flywheel W. 

When the steam pressure from the boiler moves the piston alter- 
nately in both the directions, it is called a double acting steam 
engine. In order that the engine may nof develop too high а speed, 
it is fitted with a device known аз a governor. The governor 
consists of a vertical spindle which is geared to the main shaft of 
the engine, so that its speed of revolution rises or falls with that of 
the shaft. Two identical rods carrying two equally heavy balls are 
connected to the same axle and are connected to a collar by emall 
lsvera, This collar is connected to another lever, the other end of 
which controls the valve operating in the pipe connecting the boiler 
and the steam cheat. When the speed of the engine increases, the 
governor spindle revolves more speedily rotating the balls round it 
in a oiroular path. This sets up & centrifugal force tending to throw 
the balls farther apart, Thus the balls are raised and the collar 
slides down. The end of the lever in contact with the collar is 
lowered and its other arm is raised, The throttle valve closes more 
and more with the speed and controls the flow of steam to the chest, 


To explain the principle of action of the engine, a key is opened 
whereupon superheated steam from the boiler moves into the steam 


Р. P./15 
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chess whence it enters the cylinder through the lower port (Fig 149) 
the slide valve in this position covering the upper port and the 
exhaust and putting them into communication. The pressure of 
fhe steam forces the рібоп to move forward. The movement of 
fhe piston rotates the crank-shaft and the eccentric wheel whereby 
%-е D-valve opens the upper port (Fig. 143) and puts the exhaust 
and lower port into communication, The steam now forces its way 
tbrough upper port and moves the piston in the backward direction. 
The steam that formerly went into the cylinder through port no. 1 
is now regarded as waste steam and is led outside through port ro. 2 
and exhaust. The backward movement of the piston gives the crank 
another half rotation whereby the D-valve assumes its former position 


Fig. 142 Fig, 148 


opening port no, J. The cycle of o erati i 
again resulting in Р motlon opi. 


sach 1 а continuous circular motion of tke ebaft, Durirg 
d revolution of the stafs, there вте two positicns'w ben the ccnrec- 
in Cai PD crank ccme into tbe fame line; the crank rcd 
There роми cannot »pply a turnirg moment ор the sbnafb. 
ther jon vs hes called deed centre yoriticrs, Again at two 
when the taint 9 crark and ccrnecting rcd are ab right argler, 
Raise Е mement ів masiimpm, The torque on the tbat 
this Vell d 0 а maximum value Qurirg every revolttion and 
tmoothen thie orgue terde to vary the greed of revcloticn, To 
which b variation, a heavy flywheel is mounted cn the shaft, 


lar i intai ч 3 
in tote Be inertia maintains а unifcim moticn when once веб 


vie ORAL QUESTIONS 
at is the di 

What is the function ne Берге, an external and an internal combustion engine? 
ЖО the: boller to Tig ihe boiler of a steam engine? Hcw is the steam led out 
УЙШ Ta EBean ai is Fonte pu isa D—valve and how does it act? 
of the fly-wheel of the engine? Wi at ie азат AUTO is the function 
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OHAPTER V T 
EXPERIMENTS OF LIGHT 


Light 


Light is defined to be the external physical cause which produces 
Sensation of sight. There are sufficient evidences to show that light 
may be obtained from various forms of energy, such as electricity, 
heat, chemical energy etc, as also it may be transformed into other 
forms. From this we conolude that light is also а form of energy. 


A substance through which light can pass is called a transparent 
medium, Bodies in а transparent medium oan be seen distinctly, 
Of course, a portion of the light energy is always absorbed by any 
transparent medium and more light is absorbed as the energy passes 
to а greater length of the medium, So body seen through a large 
thickness of a transparent medium appears hazy. An opaque medium 
is one through which light cannot pass. 


Propagation of Light 

In 1676, Olaf Romer, a Danish astronomer showed that light: 
energy from а luminous source moves through free space with a: 
Velocity of 186.000 miles per second. Subsequent determination of: 
velosity of light through various transparent media bas proved that: 
the velocity of light through different transparent media is different. 

A medium is said to be homogeneous. when it possesses the same: 
physical and chemical properties at any point of it. Again a 
medium is said to be isotropic when light is propagated with an 
equal velocity in all directions from a luminous point source placed 
any where within it. In a homogen:ous isotropic medium light is 
Propagated in straight lines. 

A ray of light is the path along which light energy propagates. 
The path is usually represented by а straight line, the direction of 
Propagation is indicated by an arrow head А collection of rays 
forms a beam of light and a narrow beam is termed a pencil. A 
beam may be divergent, rarallel „ог convergent, (vide Basu А 
"Ohatterjoe's Intermediate Physic, Light, Ohap. 1). 


Reflection of Light 

When a besem of light meets the surface of separation of = 
medium, в part of the incident light is always turned back, If the 
surface of the mediam is rough or rugged, the light so turned back 
follows all possible directions, which we call diffusive reflections or 
surface scattering. But if the surface of tha medium be highly 
Polished. the ray turned back from any point of the surface has a 
specific direction in relation to the incident ray. We call this 
phenomenon reflection of light." The ray of light meeting the 
алала ша sme 

* Even if the surface be polished, the mirror must have a minimum dimension 
to get rogular reflection from an incident beam. When the mirror is too small, 
the reflected beam would scatter in all directions, which we call diffraction, e 
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<surfaca of separation is called the incident ray, and the ray burned 
маск is called the reflicted ray А line drawn perpendicular to the 
-aflecting surface at bhe point of incidence is called the normal. 


The laws of reflection can be verified experimentally by Hartle's 
Optical disc or by the Pin mathoi. (Fo: further details vide Basu 
& Onatterjee's Intermediate Physics, Light, Onap. IT.) 


Date— EXPERIMENT 80 


To verify the Laws of Refleclion of Light 
by Pin method 


Theory—The two laws of reflection are the following : 


(1) The incident ray, the normal to the surface cf reflection at 
the point of incidence and the reflected ray lie in one plane. 
(2) The angle of reflection is equal to the angle of incidence. 


Apparatus—Drawing board and paper, a few fixing pins, four 
hair pins, a strip of plane mirror fixed on a vertical stand, 


; Procedure—Fix up the drawing paper on the board with ping. 
"Draw a fine line with a pencil on the paper and place the mirror with 
its reflecting plane vertical such that 
the edge AB of the reflecting surface 
coincides with the line (Fig. 144). 
Prick two hair rins vertically on the 
paper af any two positions P and Q 
ab a distance of about 6 to 7 cm, from 
each other in front of the mirror such 
that the line joining PQ is oblique to 
the reflecting surface. You can easily 
Seo the images of the two pins by 
Fig, 144 reflection from the mirror and as you 

ct move your head on any tide, you may 
change their relative positions, Now 
mirror in such a position that the 


\\ 
М 


3 R N P N 
П ССО ЦН) 


‘Remove the pins and joln the 
line and produce it бо зеб the line 
mirror at О. Similarly, join the 
line and produce it бо meat the surf; 


- Yay, the normal and the r 
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Fig, 145. Reset the mirror accurately on the line AB and change 
the positions of the pins at P and Q to scme other points F, 
во that the line joining them : 
meets the mirror eurface at a 
different angle and in a similar 
manner as already stated, find 
the corresponding reflected ray. 
This may be very conveniently 
done by drawing another straight 
line OF, and fixing two pins 
along this line. In this way, find 
the reflected rays corresponding 
to 4 or б inoident rays at different 
angles of incidence, From the 


Fig. 145 


point О draw a perpendicular ON on the line АОВ, Measure the 
angle of incidence PON and the corresponding angle of reflection 
RON with a protractor. If the point of inciience of rays are 
different, draw a perpendicular at each point of incidence. In each: 
Case measure the angle of incidence and the corsesponding angle of: 
reflection and tabulate the data. t 


Results— 
Angle of Angle of | н 
ool incidence reflection | Diferenca 
E Deg. Deg. | E 
1. | 35 266 0b 
3. 45 5 e 0'5 
p 4, m 60:5 © 
5. 12 e“ 0 


measuring angle is as follows: Througks 
1 ON draw a straight line DEF parallel! 
to AB meeting the rays at D and Е. If the intercepts DE and EF 
of this line be equal to each other, then the two angles are equal. 
This verifizs the second law of reflection, Further the points FQSR: 
which are the feet of the pins together with tle points O and N alb 
lie on the plane of the drawing board. This shows that the incident: 
efleobed rays are oc-planar. 


Discussions—Tie mirror surfaco should be accurately plane 
and mounted vertically co that the pins шву be fixed in proper 
Positions, The mirror should be silvered at its front face or at least 
be very thin, otherwise tbe incident and reflected rays do not mest 
on the ling AB*. Tho pins shoald not bo fixed very close to the: 
mirror as then a small error in fixing any one pin produces an 

Eo ЖЕ JER nari ] 

* If the mirror is silvered at the brok surface, the Image teon is due to rays 
which enter the mirror by refraction at the front surface and get reflected from 
the silvered surface. The two images by the two surface are seen for much- 
oblique incidence of light due to greator reflecting power of the front surface at 


this stage. 


The other method of 
any point E on the norma 
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aporeciible error in m3aguring the angle If the mirror thickness is 
appreciable and silvered a5 its back, the lino AB may be placed | at 
а distansa of two-thirds of its &hiokas:s bahind the front surface™. 


MDate— EXPERIMENT 81 


To Dstermiae the Position of the Image of an Object 
in a Plane Mirror 


‘Theory —The image is as far behind a plane mirror as the object 
‘ds in front of it, 


Apparatus—A mounted small plane mirror, drawing board and 
paper, a number of hair pine. 


Procedure—Fix the drawing paper on the board and draw а 
atraight line AB on the paper (the surface of the board being coin- 
cident with the plane of the page). Now, place the mirror vertically. 
80 that the line is coincident with the reflecting sarface of the mirror. 

2 Fix a pin vertically at any point 
V P on the drawing paper in front 
of the mirror at a distance of 8 to 
10 om. from it, This pin serves 
as the object. Fix other hair 
pin vertically at any point Q 
between the first pin and the 
mirror, Now, look into the mirror 
and move your head until the two 
pins appear by reflection to lie in 
one straight line. When this is 
80, fix two other pins at C and R 
vertically in such a way that the 
images of first two pins and thig 
pair are in the same line, Take 


И t Qı Join also R and О and 
line to meat Ges lino AB · It would be found that 
€ Showing that the inoident ray is PO: 
p 50 ів 0,0. In a similar way by shifting the position 
99 plus get two other incident rays PO, and POs 

OsD and 0,8. 

Draw normals O, Ny, [o] 

"Produce lines 00,.' DO, BP даб e 
8 


sNs аб points O,, Os and Os. 
bshind the mirror. Join 


backwards to mee’ at point Р: 


БЫ О, РР, by the straight line meeting AB аб 
1 татів imoginary plane at а depth of two. 


thirds the thickness of tho mirror 


e image of th» back surface for nearly norma] incidence of light. 
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ү ЫЫТА the angle P,OB with а probrachor which ought 
о be 90°. 


No. of Length of Length of Difference 
Reading OP in cm. OP, in cm. cm, 

1. 8a ae 0 

2. xx 81 01 

2. 8'2 ES omi 


Discussions—The accuricy of doing the experiment lies mostly 
with the accuracy with which the ping may be fixed along the image 
lines, ani the object pin may ba fixed vertical, The mirror should be 
Bilvered at the front face or else the line AB should be placed behind 
the front surface at a distance of two-thirds of the thickness of the 
mirror, Observations in fixing up the pins should be made as olo:e 
to the plane of the paper аз pos ible, otherwise the line CO;, DOs 
and EO, may nob meet at the same point. 

ORAL QUESTIONS 


What are the laws of reflection? What is the defect if a thick mirror 1s 
used or the mirror usd is not plane? Why is it that all the pins should be 
fixed as vertically as possible? Would th» accaracy of the experiment increase 
or decrease if the pins are vory thick ? Would there bs any advantage if the 
pins are blackened or elized ? What is the nature of the image of a plane mirror? 
What is the difference between a real and a virtual image? Is it possible 
to got a real image in a plane mirror ? How can you cheok the thickness of & 
plane mirror ог Its planeness ? 

Ене зів of Re'raction in a Thiok Mirror—It а sheet of thiok 
glass plate be silyered at the back surface, then a beam of light on 
b3itg incident on the mirror is partly reflected from the front surface 
due to which an image is formed. Another part of the incident beam, 
which is refracted into the body of the glass, is reflected from the 
silvered surface and is finally emergent З 
into sir. А more prominent image ig 
formed due to this beam. As a re-ult, 
two images of an object is seen, when 
looked obliquely. But when vlewed almost 
normal to the mirror, the first image 
becomes very faint owipg to poor reflec- Fig. 147 
ting power of the glass for normal inoi- 
dence, Our attention is prominently drawn to the other image. which 


is duo to reflected rays from the silvered surface. Let AB represent 
the back surface of а thick glais mirror. of thickness SV=T, say, 
(Fig. 147). A ray of light MN on being incident at the front surface 
QN is refracted along NP and being reflected from the silvered surface 
AB is finally emergent along QR. If the incident and reflected rays 
are traced backwards, they maet ab O on a dotted plane OD which 
appyars бо serve 83 tho reflacting plane for these rays. For nearly 
normal incidence of r&/8 and taking the refractive іздех of glass to 
be 1'5 the distance of this plane f-om the front surface is two-thirds 
of the real thickne3é of the mirror. But as the obliquity of the 
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incident beam increases, the virtual reflecting plane OD recedes from 
AB, Consequently for a thick mirror and for various argles of Inci- 
denos, the plane OD is not а fixed one. (Vide Basu & Ohatterjee's 
Intermediate Physics : Light : Chap. IV). 


Method of Parallax 


Parallax is the apparent change of relativo position of two objects 

Or an objict and an image. If there are two objects A and B along 
the line of sight in the direction E54 it із possible to ascertain which 
one is nearer by looking at them fron a different direction. By 
observing slong the direction Е, А ib would appear that B ia to the 
EN right of the line of sight 
Ке (Fig. 148. If, on the 
other hand, A is seen in 
the direction EB, A, B will 
appear to move to the 
left of the line of sight. 
Thus the more distant 
object moves in the same 

Fig: i direction as the moving 

eye relative to the hearer object. The method is practically utilized 
in locating the Position of the image in some experiments on light. 


Date— EXPERIMENT 82 
“To Datermine the Position of the Imago 
By Parallsx Method 


Theory— The image of an object due to a plano mirror is formed 
as far behind the mirror ag the object is in front of it. If a second 
object of identical appearance ів fixed up at a Position behind the 
Parallax between it and the image of the 
this object determines the position. of 


] Apparatus Drawing board, & 
Tawing paper, scale, some fixing pi 
Procedure 


Plane mirror mounted vertically, 
ne, two long hair ping, 


—Fix a drawing paper on the board and place the 


Fig. 149 


Plane mirror Vertically on it, D ; ч 
of- tho mirror with a pencil, (Fig. 149 07 Teflooting surface 


8o you know which on 
the board made coino 
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Fix a hair pin Q vertically a few inches in front of the mirror. ` 
The length of the pin must be greater than the height of the mirror 
strip Its image is now clearly teen in the mirror. м 

Take another hair pin of the same lergth and fix it up vertically: 
On the board behind the mirror ab any point along the line joinirg- 
the first pin and its image. Now take an observation from such a 
direction that you cleatly see a part of the image of the firat pin 
and the upper part of the second pin. Then slowly move your head 
side to side and observe the relative shift of position of these two. 
If you see that second pin is baving smaller movement than the 
image of the first pin, the second pin is to be brought nearer the 
mirror, But if the caso is o5herwice, the pin is to be shifted awsy 
along the line joining the first pin and its image. By repeated trials 
fix the pin at such a position behind the mirror that the part of this. 
Pin projected above the mirror appears to be the continuation of the- 
image of the first pin and moreover there would be no relative sbift of | 
Positions of the image and the projected part of the pin wherever eye: 
is placed. The position of the second pin is the position of the image 
due to the first pin. YR 

Remove the mirror and the pins and join the two pin pricks by 
the straight line cutting the outline of the mirror as a certain point. 
Measure the distances of the two pricks from the line of section of 
the mirror. Repeat the observation at least three times for three 
different positions of the pin 


Results— 
S Angle Difference | 
Мо, of Object шана Difference between from a 
Readings distance distance PQand AB| Rt. Angle 

om. om. om. Deg Dog. 
ШЕ 82 82 0 89'5 06 
2. r3 104 01 89 0 10 
8. 64 & 0 90 0 0 
d st 126 = $ 0'5 


Discussions—To get a distinct vision of the image of the pin, 
the eye should be placed properly. The height of the pins should be 
greater than height of the mirror for viewing parallax. Virtual 
images should always be located by the parallax method. 

ORAL QUESTIONS 
to apply this method? In a parallax method how 
What is parallax How reo ЗАКЕ distant? Why is the line drawn on 
ident with the silvered surface and not with the front 
Burlace? You are supplied with а thick and a thin plane mirror; which one 


Would give you better results and why ? 

BL Le egi passes from one medium into another, the 

ray generally undergoes а change of direction at the surface of 

Separation of the two media This is called the refraction of light. 
The angle between the incident ray and the normal at the point 

of incidence is called the angle of incidence. The angle between the 
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refrasted ray and the normal is called the angle of refraction. he 
ratio of the sine of ths angle of incidence to the sine of the anple 
refraction is called the refractive index of the second medium wit 

respect to the first This ratio is a pure number which depends be 
the nature of the media in contact and the colour of the incident ligh . 
Thus, if i be the angle of incidence of & particular colour of light in & 
melium b and r be the corresponding angle of refraction in anobher 


{aedium c in contact, then, Gu = vllo 
віп r 
It has been found by actual measurement that this number also 
represents the ratio of the velocity of light in the first medium to Mn 
velocity of light in the second medium. Since the refractive indices о 
transparent solids and liquids are always greater than unity, it follows 
that velocity of iight in air is greater than thatina solid or liquid. 


Date— EXPERIMENT 83 


To verify the Laws of Refraction and to determine the 
Refractive Index of a Plane Parallel slab of Glass 


‘Theory—The following are two laws of refraction :— 


(1) The incident ray. the normal at the point of incidence and 
‘the refracted ray lie in one plane, 

(3) Tae sine of the angle of incidence bears to the sine of the 
angle of refraction a constant ratio depending upon the nature of the 
‘two media in contact and the colour of light. 


Tais constant ratio is called the refractive index of one medium 


with respect to the other for a given 
colour of light, 

Apparatus—A rectangular block 
of glass, drawing board and paper, 
fixiog and hair pins, & compass, 
Protractor and в scale. 


Procedure —Fix the drawing paper 
On the board and place the glass 
block at the middle part of the paper 
(Fig. 150. Draw an outline of it, 
say EFHG with a fine pencil (Fig. 
150) Fix two hair pins ab P and 
O vertically on the board во that 
the line joining P and O ia oblique 
: with respect to the blook and at & 
Fig. 150 distance of about 10 cm. from it, The 
Р Din at О may conveniently be fixed 
in contach with the glass blook, Now look from the opposite side 
2 i п Б. Remove the pin at P to some 
Other point A and taking out the 4 
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way draw foar or five incident rays at various angles and correspond- 
ing refraobel rays and insert always same numbers for the upper 
and the lower pin positions. Remove the glass block and join all 
pin-prick positions to the point O. Тһе line О to 1 (position Р) 
is the incident ray and the line О to 1 (position R) is the corres- 
ponding refracted ray. So numbers 2, 2 and 3,78 etc., give corres- 
ponding pairs of rays. Draw a perpendicular XN at O and measure 
with a protractor all the angles of incidence with corresponding 
angles of refraction, Tabulate the results as shown. 


Results —Verification with а protractor : 
Ss ai se ee dem, 


Angle of 


No. of Angle of Sine of Bine of sin 4 


А 5 А fracti 

Readings s cipe angle i е ер, on | apgle r mney Hem 
1 95 042 16 0:27 15 
3 36 0:59 ^ 0 39 15 15 


Geometrical verification ; 

Draw а circle with О as contre cutting the incident rays at points 
A.P, oto. and refracted rave at pointe BQ, ete. From points A P RQ 
eto. draw perpendiculars PM,PN, BY, QX, eto. on the normal NOX. 
sin PON _ PN/OP_ PN 
sin ООХ XO/QN QY 

sin AOR _ AR/AO -AR 
and similarly 2. BXY BX/BO BX 

Now measure the lengths of the perpendiculars with a divider 
and a diagonal scale and find the corresponding ratios which give the 
value of the refractive index. 


Then 


жын See MET Bed И 
Length of Length of Th 5 
No. of H e ratio of Mean value 
Readings Beds perp. EXE ihe perps. of ratio 
1 18 12 15 
9 а r9 гБ 
8 36 af r5 
4 m 24 A 
5 15 15 


up. EET 
Discussions—The angles of incidence and refraction should not 

be taken too emall as otherwise percentage of error in measuring 
such angles would be large. An angle can be measured with а 
protractor correct to the nesrest degree, and ~congseanently its sine 
should be expressed correct to two decimal places. Hence the value 
of refractive index should be calculated correo to one decimal 
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place only. But using a divider a length can be measured more 
conveniently correct to a milimetre. Henca by the geometrical method 
the value of relractive index comes out correct also to one decimal place. 
The angles of incidence should be measured almost at equal steps 

HE =з from 0° to 90° and a graph may be drawn 
dus with the angle of incidence as abscissa and 


dr 
Sm 
i 


The nature of graph is shown in Fig, 151, 
EE The value of the angle of refraction 
ni corresponding to the angle of incidence 

of 30° represents the critical angle for the 
CERT d medium, 


Lateral Deviation of  Transmit'ed 
*T5yS—lf the glais elab is plane parallel 
Eurum then the incident and the emergent rays 
ol agit are also parallel. But except for normal 
VCRBA Юю incidence, there is always a lateral devia- 

ene. tion of the emergent ray with respect 
Fig. 151 to the incident, This lateral deviation 
increases with the angle of incidence. 
Denoting the argle ot incidence by i and the lateral deviation by 
д. we can geb a series of values of i by taking readings at various angles 
of incidence and correspondingly there would be a series of values of 6. 
Then a graph may be plotted with i as the abscigra and 8 as ordinate, 


ORAL QUESTIONS 


What are the laws of refraction of light? What is meant by refractive 
index? How is tho velocly of light connected with the refractive index? 
Has refractive index any b'aring on the colour or wave leng:h of light? If 
Bo, you aro measuring refractive index for which colour? A light ray moves 
from air to glass; in whioh direction does it bend ? What is critical reflaction 
and how does it ocour? What is meant by lateral deviation through a glass 
Flook i Бо lateral deviation depend upon the angle of incidence or thiokness ? 

80, how 


Object in a Denser medium 


Ш an object, placed within an optically denser transparent 
medium, be viewed from air in a vertical 
direction, it appears to be partially raised. "Ure re 
The refractive index of the medium is then 
given by the ratio of the real depth of the 
object below the surface of teparation to 
its apparent cepth The procf is given 
below, 

Let OPRQ bea Part of а transparent 
medium of refractive index u having parallel 
faces OP ard QR (Fig. 159) The medinm 
may be а solid elab such as g piece of glagg 
Or ome quantity of a liquid kept in a 
vessel Let A be a point source of light at 
the bottom of such a medium. To find the 
Position of the image of A w 


Anglo of Refraction T div = 
5 


hen viewed Fir, 152 


corresponding angle of refraction as ordinate. 
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from air in a vertical direction we make the following geometrical 
construction. 

Draw a line AB at right angles to OP to a represent a ray of light 
travelling in a vertical direction, Tae ray passes ouf into air undeviated 
in the direction BN Draw another ray ¿C ate very small inclination 
with the normal МОЁ, [еб the refracted ray in air be CD. It is to 
be noticed that the two rays BN and CD peseing out in air are 
divergent so as not so meet actually. Produce OD backwards to meet BA 
and O, The point O is then the position of the virtual image of A. 

By conatruction Z MOD = BOO 

Z4ACE=BAO 
віш Z MOD. sin 4.BOC _ BC/CO_OA 
sin ZAOB віш ZBAO BC/CA CO j 

If the point O is very near to B then ОА = ВА and OO = ВО. 

A_ Real depth 


B 
H == 
epos BO Apparent depth | 


The expression holds only for a narrow pencil of light travelling 
varticslly from a point source in the denser medium. 


Date— ExeER MENT 84 
To Determine the Refractive Index of a Glass slab by 
Parallax method 

Theory—A point object in contac) with the base of the glass cube 
appears to be raised when viewed normally. The refractive index of 
glass Mis then given by the expression.— 

а, Real thickness of the glass slab 

Е Apparent depth of the point object 

Apparatus—A glass cube, a drawing board and paper, a divider 
and metre scale. a long pin and holder. 

Procedure —Mark а cross with ink on the drawing paper fixed } 
on the board. Place the glass oube 
on the board in suoh a way that 
one of its edges is in contact with 
the junction of the cross ab 
A (Fig. 153), Observe vertically 
along this edge of the cube аз 


shown in the figure- One half of 
the cross which remains outside 
the glass cube gives the actual 
position of the cross w 

half which is just under the glass 


appears to be raise tic 
in in & horizontal rosition 

justable vertical stand 

and place the point of the pin in -> | 

contact with the vertical edge in Fig. 158 

a line with the observed image. Now gradually raise it from the 
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bottom and move the eye sl;ghtly to-and-fro until the parallax 
between the pin point and the image of the cross is removed at some 
point О. Then the image of A is at O. Measure very accurately with 
а metre scale or otherwise the distance between the pin point O and 
the upper ejge of the glass cuba В vertically above the point A. 
Raise the pin a little distance above and gradually lower it with the 
eye slightly moving to-and-fro until at a oertain level parallax 
has been removed between the Pin point and junction of the 
огозв аз seen by refraction. Again measure the distance OB. 
In this way by lowering and raising the pin, take four or five 
readings of OB. Finally measure the thickners or height of the slab 
an equal number of times and tabulate the readirgs. The ratio of 
real to apparent depth gives the refractive index. The mean value 
of the ratio gives the mean refractive index, 


К, sults— 
a ea 
Real Depth Apparent 
No. of AB M 
AB АВ ean 

Rradings om. a e OB Ref. Index 
1 80 54 
2 ө 33 
3 80 AR i: E 
4 i s e 
5 ө Ів 15 


„то С ЗАСЕОЦИ НИНА ЕН | 

Р Discussions— Different Samples of ordinary glass have got 
different: Tefractive indices ranging from 1'6 to 1°54, Although 
Observatirn is made in white light the effect of dispersion is negilgbly 
amall, What we get is the mean refractive index of the colours. In 
avoiding parallax the eye should not be moved too much, as then the 
coincidence of the pin point with the image cannot be obtained for all 
Positions. This is due to a Phenomenon known at spherical aberration, 


ORAL QUESTIONS 
aig ы ы by refractive index of a substance? Does it vary with 
that you look obliquely its the got, 109K vertically to see the imago? E 
What is the naturo of iba пе eo Па, would the image rise ог go dow 
parallax and wh E 


Date— EXPERIMENT £5 
To Determine the Refractive Index of a Liquid with a 
ги . Vernicr Mieroscore 
sory—If a point object at a depth № below the surface of the 


liquid be viewed normally, it a 
Le wed ' Ppears to be at depth 2 
The refractive index # of the liquia ig then given Ene, h to 
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Œ. Let the actual reading of the vernier microscope when focussed 
for the point object be d; and the reading for its image within the 
liquid be dg. Let the reading for the surface of the liquid be ds. 


Then the refractive index u= sth 
-dg—ds 


Apparatus—A small glass cubical vessel, some liquid (water) and 
& Vernier microscope, 

A vernier microscope consists of a microscope M capable of sliding 
along a vertical scale S, by а rack aud pinion arrangement Rs 

' (Fig. 154). A vernier scale V; => | 

slides with the microscope and 
Serves to determine its position 
accurately, The vertical scale 
with the microscope can move 
about within a groove on а 
stage B being worked by another 
Screw arrangement Rs. On the 
stage just at the border of the 
groove there is a similar scale 
Sa. The movable base of the 
microscope is provided with 
another vernier Vs. The stage is _ 
mounted upon levelling screws Fig. 154—Vernler Microscope 


LL and is provided with а 
circular spirit level О. Such a microscope when focussed upon & 


surface placed on the stage gives always a constant reading on the 
vertical scale. 

Procedute—With the help of the base screws, bring the bubble} 

of the spirit level of the stage , 

of the microscope at its centre. 
If the microscope is not provided 
with a spirit level, ask for a 
spirit level and place it on the 
stage and then level the stage 
with the base screws» When 
the stage has been levelled, the 
microscope stand becomes vertical. 
In its usual position, the axis of 
the microscope is then vertical. 
Now look through the eye-piece. 
If the crosswire or a micrometer 
scale is not clearly visible, 
draw in or out the eye-piece 
until it is most distint in the 
field of view Place the glass 
vessel B upon the etage A under 
the microscope. (Fig. 155), By 
Fig. 155 rotating the adjustable screw 

В, focus any mark preferably 8 scratch mark on the inside surface, 


V3 
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of the vessel. 196 the position ої the microscope objective be at a 
and that of the vernier at V, when the scratch is accurately focussed, 
"Take the reading of the vernier and call it tha first reading. Троа 
slightly move the screw and focus the scratch again and take и e 
venier reading. In this way take three readings .of the vernier 
for the scratch position. Pour some quantity of liquid into the vessel 
without disturbing its positions such that the level of the liquid 
does not touch the micro:cope objective. Raise the mloroscope 
through а suitable distance and focus the image of the scratch again 
which is ab some point Р, within the liquid. The - position of 
microscope objective is at La and the corresponding vernier position 
is Va. Take the reading of the vernier three times each time focussing 
this image; let this be the second reading. Now, scatter some cork 
powder onthe surface of the liquid and raise the microscope still 
farther to focus the grains of powder floating on the surface of the 
liquid. Let the position of the objective ba Ls, and the corres" 
ponding position of the vernier be Vs. Take the reading of. the 
Verrier three times. each time focussirg the grains; let this be 
the third reading, In each position of the microscope take reading 
avoiding back-lash error and parallax. Then the real thickness of the 
liquid is the difference of third and first readiugs and the apparent 
' depth of the image in the difference of third and second readinge, 


= 3rd reading — Ish reading 
8rd reading — 9nd reading 
If time is a avaiable, take a different quantity of the same liquid 
and tabulate another set of readinge, 
Resulta—(T; pical) 


Liquid supplied is cedar wood oil, 
£0 divisions of vornier scale = 


13 divisions of main scaie 


Vernier constant =z of main scale. 


Snallest division of the main scale=0'5 mm. 


* Vernier constant = 0 9 mm. = 0:001 cm 
50 s 


(1) First Reading (Position of the Scratch) 


No. of Main Scale | Ver. Scale Total Mean 
Readings em. om. cm cm. 
akre 
Ш 9'6 21x 001 | 9821 
2 96 22 x 001 4 9:621 
3 ED 21+ 001 


ea ee AMC Pec | 
[веш pending (Position of image of scratch) = 10'911 cm. 
[Make a similar tabulation for (2) and (3) 
5 та Reading — 1st Reading 1'731 .. 
8314 Reading = 9nd Reading 11411 516 
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Discussions—The least count of the vernier of the microscope is 
generally 0'001 cm. Hence we may get а reading accurate upto the 
3rd place of decimals. The value of refractive index. as determined 
by this method, is correct upto the third place of decimals. This 
is, therefore, a very accurate method of measuring refractive index 
of а solid slab or liquid. 

ORAL QUESTIONS 


What is refractive index ? Has refractive index any relation with thi 

of light in the medium? What is the advantage oi SU a vernier EM 
Does it offer any greater accuracy, if so how? Why do you level the microscopa 
stage? Why is the microscope kept vertically? What is the effect on the 
Position of the image, if the mlcroscore is kept inclined ? 


Dats— ExPERIMENT 86 


To Мезвиге the Refractive Index of a Liquid 
by Concave Mirror method 

Theory— If в small object be placed above a concave mirror сор- 
tainiog some liquid in such a 
way that the image of the 
object isformed at the same 
position as the object itself, 
then the refractive index of the 
liquid is given by the ratio of 
the vertical height of its centre 
of curvature and the height of 
the object both measured from 
the liquid level. 


The proof of this oan be 
given with reference to Fig. 156 sr, fh 


in which the circular ато re- 
presents the section of the mirror, О the centre of curvature of the 


mirror and AO the principal axis. Qis a point source of light such 
that the image of Q is at the same position when the mirror is 
partly filled with water, Take a ray of light QO incident on the 
surface of liquid. This ray after refraction will take a path OP. In 
order that the image may be formed at Q the refracted ray OP after 
reflection from the concave mirror retraces its path. Therefore PO 
if produced would pass through the centre of curvature cf the mirror. 
At О a normal NON; is drawn. Then angle of incidence QON = OQR. 


Angle of refraction РОМ; = 008 
TNT S OQR _ OR/OQ „OO 
ү sin ООВ OR/OC OQ 


If the mirror is of small aperture, then bata 
Apparatus—A mall concave mirror, tripod stand, a hair pin and 
а vertical stand. 


P.P,/16 
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Procedure—The mirror is placed on a tripod stard with its face 
upwards. The pin is held horizontally on а vertical stard and sd- 
justed to such a height that the image of the pin is on the pin. The 
ріп ів then at the centre of curvature cf tbe mirror. fone quaxtity 
of liquid is then poured on the mirror ard tbe vertical height ci 


the pin above the free surface of the liquid is measured with & 
metre ecale. Let it be ha. 


When liquid is poured on the mirror, it is found that the image 
Position due to the combination of the liquid and the mirror is 
changed. Pin is now gradually lowered until tbe image coincides 
again with the object. The position of the coincidence is examined 
by the method of parallax, A number of readings is taken and the 
height of the pin above the liquid surface is measured each time 
with а metre scale. Tiet this be hy. Then the refractive index of 
the liquid fs As/h;. 
Results— 

a M = шше... 


First position of | Second position E 
No. ot the pin above | of the pin above Belate index 
Readings | liquid level=h, | liquid level=h, =2a Mean 
om, cm. hy 
————————À4 
1 185 101 133 
3 с » - | 
G LI E маф 1 33 
5 Б Е 
SE ee 


Discussions—The expression for the refractive index is obtained 
in this case on the assumption that the aperture of the mirror is 
small. Hence the effective aperture of the mirror used should be 
made small by covering the face of the mirror with a piece of wood 
Ог some such opaque material having a central circular hcle of 


about 2 inches in diameter, i 
EE eter. The obiect should be strcngly 


Image by Oblique refraction at Plane Surface 
It has already been i i 
£ à Pointed out on page 957 that the image 
i the raf eon Placed in а denser medium, when viewed normally 
ас iteó i i 
neges Seo арреатв Talteo along the line of sight and 


1 : is | 
equal to the refracti sehe apparent depth of the object 15 


the upper. But this 


the followirg consideration, que direction, as would be seen by 


For simplicity assume that i 
Р 5 t j i i 
medium of refractive index u КЫ ihe ОМјесь is embeded in а 


nd the upper medium is air of 
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refractive index unity (Fig 157). Let the point object be at P 
from which a normal FO (Fig. 158) is drawn to the surlace of 


Fig. 157 - Fig. 158 


separation AD. Take en oblique ray Pi which meets at an angle 
фа with the normal аб 1». Let the emergent ray LL; make an angle 
фа wish the normal. Produce LL to meet OP at X. It therefore 
follows that an eve placed at L, sees the image of P some where. 
along the line LX. Actually the eye observes the image of P at 
some point S on LX such that a small cone of rays diverging from 
P and following the principal direction PL appears after refraction 
to proceed from that point. 

The direction of the ray LL, corresponding to apy ray PL can 
be found from the following principle. For refraction at L, since 
Ф. = ZOLB. 

віп dy _OL/LR_LP ETT 


іп Ф. OL/LP LR 


The equation affords & geometrical method of drawing the 
refracted ray in air corres} onding to any incident ray in the lower 
medium of a known refractive index ^. Suppose that the lower- 
medium is glass of refractive index 1'5 and upper medium is агг 
(u=1) and that OP 10 сш. 

Now from APOL.= JFO*-* OL*— J 100+ OL 


and from AROL, RL® VRO? + OL*=PL/u= 66 PL (ii 


since “= PL/QL 16 


we can find PL for a known vaive of OL and 
tbe length RO by knowing PL, The follow- 
lues of OL. PL and RO for OP — 10 cm. 


From equ. (й), 
from equ. (iii) we know 
ing table gives various VA 
and и=1°б. 


244 INTERMEDIATE PRAOTIOAL РНҮЗ:08 


Res?]1ts— 


Length ou! Length РГ | Length БО | Length OL | Length PL | Length RO 
m. 


om.  |* em. c em. cm. em. 
{ 0 100 ^ 666 5 11°18 5'42 
Н 1 10°05 6:60 6 117 8'18 
i 2 10°20 6 50 7 1272 3°93 
3 10:44 6°20 8 123 271 

4 10 89 5 87 9 134 imaginary 


Prism 


A prism is a part of a transparent medium bounded by two plane 
surfaco meeting at an angle. In Fig. 159, ADEC is one plane face 
of the prism 
and ADBF is 
the other plane 
faco meeting 
along the line 
AD. The side 
ECEF opposite 
to the angle is 
called the base 
of the prism. 
The section of 
the prism by & 
Plane at right 
angles to the 
edge AD is 
called the 
principal plane 
: of the prism. 
vin’ th д Fig. 160 і The angle ВАС 
| Ri the principal Plane of the prism is called the angle of the 
ME A mee the section ABO as shown separately in Fig. 160 is 
| e principal plane of | the prism. Refraction tbrough a prism is 

generally considered in itg Principal section. 
A ray of light on being 


pe 
f ba ref i 5 
[АЛШ m obeying the laws of refraction. The refracted 


Prism on meeting the other f ally 
oes out int ч Е the other face gener: 
А ЕНА ШО АЕ ЕВ Critically reflected. ı The final ray from the 


. Fig, 159 


Date— EXPERIMENT 87 


To Measu-e Deviation th 
rough a P 
Determine its refractive indera P 


Theory— Tho angle of deviati i 
the incident ray and the corresponding” end m Poe M 
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. The refractive index of the material of a prism for light of a 
given colour is the ratio of the sine of the angle of incidence to the 
sine of the angle of refraction for any ray ofthat colour at any point 
of the refracting side of the prism. 


А Apparatus—A glass prism. drawing board and paper, a few fixing 
pins and heir pins. 


Procedure—Place the prism on its principal plane on the draw- 
ing paper in a manner as shown in Fig. 161, and draw an outline 
ABO of the prism with a fine pencil (Fig. 162). Fix two halr 
pins vertically on the paper, one close to refracting face (as shown 
by P) and the other at a distance of 6 to 10 cm. from it (as shown 
by R), in such a way that the line joining their feet in oblique tc: 
the face AB. Now look 
from the other refracting 
side of the prism keeping 
the eye as near to the 
plane of the paper as 
possible, and move your 
head tideways until the 
two pins appear to be in 
one line, Then fix up & 
third pin near the other Fig. 161 


refracting face (shown by 
Q) and a fourth pin at a convenient point S, such that the image of 


the first two pins and the other two pins appear to lie along the 
same straight line. Take out the prism 
and join the feet of the first two 
pins by a straight line RP to meet 
the edge ab the point K. (Fig. 162). 
Similarly join the feet of two other ping 
by в straight line £Q to meet the other 
side at the point F. Join the point K 
and F by another straight line. Then 
Fig. 162 RKFS is the path of the ray ав ib 
passes through the rriem. 
point H and §Q to meet at pointG. The 
nthe two lines is called the angle of deviation ¢, 


dicular MO at the point K on AB and arother cne 
F. Then the angle of incidence i, is the angle 


REM and the correspo. 
Replace the prism in 


changa the position o al 
obliqaity of the fnoident ray. In а timilar manner find the corres- 


ponding positions of the pins at Q and S. Thus measure fa and rs- 
In this way take three gets of readings. 


To fini the refractive index of material of prism. measure angles 
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41, fi, ig, "а аз Accurately as possible with a protractor. Then from 
the table of eines fiad the values ol sines of the corresponding 
‘angles, Then calculate the ratio of sin f, to siny, and also of 
-sin fa to sin rs in each case and obtain the mean value. 


Results— 
= First tace Second face 
EE A 
o's| Angle of Angle of Anple of Angle of Bin 4, | sin 3, | o 
28| incidence | refraction | incidence refraction | sin т, | sin r, 
B 4, Deg. 7, Deg. i, Deg. r, Deg. =p =p 
1 41 26 5T 33 67 15] 48.1.5 
{ 4 56 
{4 - m ө " 5 ve |15 
i ————ÀÀ ee 


Рівсивзіозв—Тһе measurement of the angle with a protractor 
san be made with an accuracy of half a degree, Therefore the 
bigger is the angle the less i; the percentage of error, Bat if 7, is 


Date— EXPERIMENT £8 


To Draw the Incidence Deviation Curve of a Prism 


Fores Tto graphical relation between the angle of inciderce 
and the angle of deviation in a prism is nearly parabolio, the angle 


tion corresponding to an angle of incidence and if 
and the angle of emergence, Then, 


jus а Mp р 1 
elailon between 3 ard P5 sin'i—cos < віп ¿] showing the actual 


Apparatus—D-awing board i 
@rotrastor acd a drawing tat Paper, а few pine, a prism, а 


Procedure —Place tha prism on th 
© drawing board and draw an 
ОШОНДО; it АВ) by a fing Pencil. Remove the prism and take 
wo points O, and Os on the line AB at some distance fron each 
‘Other and draw бо normals С.М, and O;N. with a seb square 
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(Fig. 163). Draw two angles P-O,N, ani Р.О.“ of values 45? and 
60° with a protractor аз accurately as possible, Now fix up two 


Fig. 163 Fig. 164 


ping vortlcally en the line P,Q, and look through the other face АО. 
When P, and Q appear to be in one llne, fix up two pins at RxS; in 


Fig. 165 Fig. 166 


ner as explainel in the preceding experiment. Then the line 
joining Ri and Ө. is the emergent ray. Similarly find RzSa corres" 
ponding to PsQa- Produce Ж 
lines Р,9: and PsQs to E 
some points F, and Fs 2 
outside the triangle. 
Produce §:R: and SsRs 
to meet respectively P1Qı 
and PgQs produced at Ay 
and Н» and measure the 
angles of deviation F,HiT; 
and Е„НаТ« between 
them with the protractor. 


Place the priem on & 
Separate position on the 
drawing paper and accord- 
ing to directions already 
given find deviations for 


15 
ae gS 
xo Ж 


m 
35 


we 
2 ò 


Angle of deviation. 1 div. = 
ЕУ e 


w 
S 


36 


35 
another two angles of 25 30 35 40 45 50 55 60 65 70 75 80 85 
incidence, say 40° and 50, Angle of incidence. 1 div.=1° 
To this way find dovishicns Fig. 167—Incidence Deviation Graph 


eorrespondirg to 8 or 10 


angles of incidence ranging from 30° to 80° It is advisable for cliar 
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diagrams бо use one position of the prism on the drawing paper 
for two angles of incidence at a diffarence of 10° to 15°, If too many 
incident and refracted rays ara drawn for ono positiou of prism, the 
diagram becomes clumsy, Figs, 156 to 160 give fonr positions of 
the prism; supplying eight readings The graphical relation of $ 
and 6 is given in Fig. 167. 


Results— 


——— 


Angle of Angle of Angle of Avgle of 
incidence | deviation incidence deviation 


30* 47° 50° 37° 
35° 41° 55° 87:59 
40° 89:5241 60° 39° 
45° 375° 70° 43° 


— 


Discussions—On increasing the angle of incidence, the angle of 
deviation decreases to a certain minimum after which it continuously 
increases. The minimum deviation Occurs for some value of the 
angle of incidence between 45° to 56° depending on the nature of 


herefore to get ап 


incidenca between 45° to 55° should be taken at frequent intervals. 
Аз the measurement of angles with a protractor can be made to an 
accuracy of half a degree, this method oi drawing the graph is only 
approximate, The refractive index of the material of the prirm can 


of the prism, the minimum deviati 

і d refractive index ? If а beam of white 
light is passed through i одада ? 
Why a coloured RIEN ^ prism what is the effect on tho transmitted beam 


is not formed it Sodium light is used as a source ? 


Determination of Angle of the Prism 


fine pencil. The figure is 
Dg angle of the pri m corresponds 
This can be measured directly 


evidently a triangle and the refracti 
to one of the angles of the triangle, 
With a protractor. T 
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There is an optical method of measuring the angle of the prieme 
The prism is placed as usual on the drawing board and its outline 
ABO is traced with a fine pencil! point 
(Fig. 168). Two parallel lines are drawn 
to meet the sides AB and AC which are 
refracting edges. Four hair pins are fixed 
vertically. at points P, Q, Rand 8 on 
parallel lines. With the prism in usual 
position observation is made from the 
side AB so that the pins at P and Q 
appear by reflection from the face AB 
to be in one straight line. Keeping eye 
in this position two other hair pins are 
fixed vertically at Pa Qu till all the four 


Fig 168 
pins at points P,Q, P, and Q appear to be in one straight line. 


In а similar way two other hair pins are fixed ab R and 5: when 
pins a& R and S appear to be in one straight line by reflection from 


thè face AC. 


Two straight lines are made to pass through P,Q:, and RS, to. 
meet at a point O. The angle P,O8; is measured with a protractor. 
This angle is twice the angle of the prism (vide Basu and Ohatter- 
jee's Intermediate Physios Light, Chapter VII) The angle to be 
measured in this case being double the refracting angle of prism, 
the percentage of error should be half. 


Refractive Index ard Minimum Deviation 
We know that the refractive index и of а prism is connected with 
the minimum deviation дт and the refracting angle of the prism + 
by the following expression,— 
А + 
вїп Е zd 
u= — — 


sin 
2 


ermined experimentally, / can be 
he section BAO of the prism in 
ctual measurement that the angle 


Henco if бт and « are deb 


calculated. With reference to t 
€7 it is found by а 


E i b \ 
БАО is 60". Again referring .60 the i— д eurve (Fig, 167) it is to 
be found that the minimum deviation 18 37°. 
, E0^ 37° 
вю sin 485° _ "749 LB 
т EO? Bin ¿0 5 
вш 


Since we can measure angles with a protractor with an accuracy 
of 0°6°, the value of au should not be calculated to more than two 
places of decimals. Different samples of crown glass have gob 
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different refractive indices ranging from 1°50 to 1°64. Flint glass prisms 
have got higher refractive indices, 


Symmetricity at the Minimum Deviation 


In connection with the incidence-deviation relation of a prism 
x . it has already been stated 
(vide Expt. 67) that 
there is a minimum de- 
viation position of the 
prism. At this position 
the angle of incidence 
becomes equal to the 
angle of emergence, (For 
theoretical proof vide 
Basu and Ohatterjeo's 
Intermediate ^ Physics— 
Light.)- 
П 
Let a ray of light 
Us SR ABCD traverse the prism 
at the position of mini- 
le of incidence i, is equal 
1 and fs are corresponding 


mum deviation (Fig. 169). Then the ang 
‘to the angle of emergance is. Since r 
‘angles of refraction, Tr=1o. 


Since ON, and ONs are normals to the two surfaces, Z OBX = 
LOCK=rt. Z, 


Aa ZOBX - Zr, = ZOOX- Lra ©. ZXBO-ZXOBor 


Therefore the ray within the pri 
1 Prism passes symmeirically ай the 
"wo sides in the Position of minimum deviation, н К 


Date— EXPERIMENT 89 
Symmetrical Method of Measuring Minimum Deviation 
and hence to find the Refractive Index 


Ay ean the minimum deviation position of a prism, the 
EM Ə prism Passes symmetrically with respect to the 

108 sides. Hence knowing ôm and angle of the prism «<, the 
refractive iudex of + . 


he prism can be found from the formula,— 
SRATI 
OBS ae sis 
Apparatus—A Prism, 4 hai 
‘and divider. Bou 


Procedure —Place the Prism i 
: > 9n the drawing paper and draw 
be iens o i P LACUS Paper (Fig. 170). ad one point 
Ae Gp 150х А, mark off equal distance AQ and 


drawing paper, protractor 
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Fix ono pin vartically at Q and the other at R. Now look from 
one side to view © and В, and put а third pin at P such that all 
the thrae appear along one line. Again look from the direction PQ 
and fix a fourth pin at S to appear along the same line. 


Join PQ and produca it toa 
point L and produce SR to meet 
the lire a& O. Measure the angle 
LOS with the protractor which gives 
ôm. Take three or four such equal 
lengths at different regions on the 
edges and measure ôm from each set. 


To measure the refracting angle 
.of the prism, measure directly the 
angle аб A with a protractor or more = 
accurately by the pin method already ig. 171 
described on page 249. 


Results— 

Angle of minimum deviation : 

(i) 3.9 (ii) 385° (ui) 385° (iv) 38° 
Refracting by pin method : 

(i) 1919/a (i) 120°5°/2 Gii) 1819/2 .-". mean = 60'6°, 
sin 394°  '7593.. 4. 

sin 8994 O e p'5O 

sin 3025? 5040 


Discusions—This is the si 
deviation ray through 8 pris 
in having equal intercepts along t 


prism. Тһе determination of angle of t sbhod 
when accurately sob, should give better results than by measuring ib 


'. mean =38'25° = dm: 


Henos А = 


direotly. 
Date— EXPERIMENT? 90 
Rotation Method of Determining Minimum Deviation 


Pos'tion of a Prism 


(Hanoo to show i, = їз and to find ôm and и.) 


Theory—Near the the position of minimum diviation of a prism 
the rate of change of deviation with a change of tha angle of 
incidence is very small and sensibly equal on either side of the exact 
point of minimum deviation. 

Apparatus—A prism, & piece of thick paper, four pins and 
drawing materials. 

Procedure—Out of the thick paper supplied out off a piece as 
shown in Fig. 171, big enough for the given prism to be placed in 


/ 
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its principal section АВО. Fold one of the pointed ends, say D, at- 
tight angles into the position D, serving as a handle to rotate the 
paper. The other pointed end E serves as the pointer to measure 
the rotation. 


Place the paper upon a drawing board and fix a pin at P onthe 
hump Н во that the piece can freely rotate atout this roint as pivob. 
Place the prism symmetrically on the parer with its refiactirg angle 


X 
H 
8 
D, 
о! Е 
Fig. 172 Fig. 173 


coinciding with A (Fig, 179). Fix another pin at O on the drawing . 


fora: a distance of 10 to 15 cm. from P and look from the face: 
till the two ping appear to be in one line in a direction such 88 


PiOi. The angle between OP and О,Р, i i i 
this particular position of the prism, Emm cL coro 


SEA үе the prism ғо as to cause the broken line to move to: 
decreas the side of observer in a direction from О, to Oa to 
ho ie e Ee of deviation. Continue the rotation slowly till 
th ges of the pin appear to be stationary at some region and 

en just start to move towards the observer's side. Put а pencil 
mark against the pointer E in this position as at Ey. 


Next slowly rotate the poi i Ц irecti i 
3 D Pointer in the opposite direction till the 
lmages being stationary for a little while just starts to move again 


towards 4 Fees А t j 
the fie ae right side. Pat another pencil mark against 


agninct ыйы Е,Е, аб tome point F and place the pointer 
deviatio Put tt The prism is now in the position of minimum 
o NO ie et ree dots Corresponding to three vertices A, B ani 
мр HAS ong the direction OP and on the other eide of the 
me line y Рїпв at Q and R ab distance of 8 to 10 eme 
along the same line of sight, Take ont the priem 
Join the points OP by a strai i 
Mensureihe angle between шше. 
Take three observations at three different 


ard so also the points QR. 
protractor, which is ^m: 
Places on the koard. The 
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:angle of the prism may b» moasured directly wi 

i y with а probract 

by pin moethoi. Draw normals ai the points of осада 
m3asure angles of incidence and imergence. 


Results — 


| 
&| Angle of i M. 

ШЕ iiim pus Angle of | Angle of | _sin Tm Е, 

$ 8| deviation Prism fugiens emergence | 47 — x — E 
“= 5°0 « in *J å in О i, in °0 sin Ж — Я 


————— 
——— 


Discussions —Tae pins should always ba fixed vertical 

tho lino of sight. The burning po!n5 of the images must eee 
noted since the accuracy in determining mininum deviation апы 
in fixing the pins аб the turning points, Angles should be measured 
with a protractor, correct to half a degree. 


Spectrometer 


Experiments with priam by pin method cannot be done 

accurately firatly because the diracti У very 
fixing up pins, which are tion of a гау is determined by 
rather too thick and are 
subject to а parallax 
error; secondly because 
the measurement of the 
angles is done with & 
protractor by which an 
utmost accuracy of half 
a degree or 80 may be 
claimed. Both these 
sources of errors have 
been reduced to в mini- 
mum in ап apparatus Fig. 174—Bpeotrometer 


called в spectrometer. 
The apparatus consists of telescope T copable of revolving about a 


vertical axis and fixed upon & stand on three levelli 

(Fig. 174) The eye-plece of the telescope is fitted with armi 
on which an image of an object can very acourately be focussed 
There is a turn table S which can also rotate on a vertical axia 
and ib is called the prism table, on which the prism is ke s) 
The prism table is also fitted with three levelling screws аав 
upon а platform, There is another attachment called the Ыйы 
consisting of а motal tube carrying an achromatic convex lens 
one side and an adjustable rectangular slit at its other end, Thero 
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isa fixed or movable circular disc graduated in degrees from 0° to 
360°. The telescope as well as the prism table are provided with 
Vernier scales sliding over the circular scale, во that any small 
Totations of any one of them can be accurately measured. 


Date— EXPERIMENT 51 


To Measure the Refractive Index of the Material of a 
Prism with a Spectrometer 


Theory —If < be the tefracting angle of a prism, ôm the minimum 
deviation and А the refractive index of a prism then, 


sin (<2) 
2 


in & 
Bx 


He 


Apparatus —A spectrometer, prism, spirit leve), a Bunsen burner 
sodium flame arrangement, (Description of a Spectrometer should be 
Biven here. 


Procedure—Place а spirit level on the telescope tube Parallel to 


its axis and for safety, tie the spirit level on the tube with a piece 
of thread. You would notice three levelling screws at the base of 
the instrument. Join up the base of the screws by straight lines 


marked with chalk or pencil to form a triangle. Mark the angular 


points of this triangle as 1, 9 and 3. Move the telescope until the axis ^ 


of the telescope tube is parallel to the line joining any two levelling 
Screws say, 1 and 2. If the air bubble of the spirit level is nob at 
the centre, the telescope is not levelled properly in this position. 
entre by working levelling screws 
1 and 2. Then move the telescope through 180*, when the axis of 
the telescope becomes again parallel to the came line, The spirit 


\ Again, bring the telescope 
see if it is still levelled, If nob, 


procedura to level it, Repeat this process of levelling over and over 


again until the telescope jg levelled at these two i 

prs positions only. 
When ‘this is done, move the axis of the telescope through 90° and 
level ib finally by the third base sorew (No. 3), The telescope 
should hereafter show itg levelling for all Positions, 


Now place the spirit level on the pri ith i 
que anti Prism table with its azi? 
Parallel to а line joining the two levelling Screws AES to the 
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prism table. Bring the bubble to the centre with both or either of 
the screwr. Place the spirit level 
at right angles on the prism table 
to its former position and level 
it by the remaining screw attach- 
ed to it. Thus the prism table 
is made horizontal. 


Next, find the least count of 
the vernier attached to the teles- 
cope as well as the prism table. 
To do this place the vernier zero 
mark in coincidence with any 
main scale graduation аб any 27 "m 5 
part of the scale. Find how ec. mmm i Ds 

T ; e = ў 
many divisions of the vernier ur 2 
scale are exactly equivalent to Sua AAN 
how many divisions of the main | = 5 
seaie, Thence calculate the least ( 
count of the vernier. If 1/n 
main scale division be the least Fig. 175 
count of the vernier, then find the value of the main scale division, 
which might Бә any aliquot рагі of one degree, say 1|[m degree. 
Then the vernier constant is 1/mn of a degree. 


Turn the telescope towards a very distant bright object and 
adjust the eye-piece to get a very clear vision of the oross wires, and: 
then adjust the telescope to focus the image of the distant object on 
the cross-wires. In focussing the image there should be no parallax 
between the image and the oross wires. The telescope is thus 
{о зцввей for paralle! rays. Light up a Bunsen burner and place the 
flame behind the slit of the collimator. Fit up a wire ring wrapped 
up with asbestos fibre. Soak this ring with common salt solution 
and place it in the flame which is thereby coloured golden yellow. 
Look through the collimator lens and see whether the slit appears 
well illuminated. If not, open out the slif and adjust the 
position of the flame. The ring soaked in common salt solution and 
placed in the flame is sbown in Fig. 175. Now turn the tele:cope 
in a line with the collimator so as to view the slit and adjust 
the collimator to geb an well defined image of the slit on tbe 
cross-wires. If the image appears to be raised up or lowered in 
the feld of view, turn the levelling screws attached to the collimator 
properly to centre the image. If the image is too wide make the 
glit narrow. : 


Place the prism on its principal section at the centre of the table 
and rotate the prism table slowly so as to increase the angle of 
incidence and follow the refracted image of the slit with naked eye, 
You would see that the image continuously moves in one direction, 
but from a certain position the image appears to turn back and 
reverse its course. Stop the rotation of the priem table just when 


256 INTERMEDIATE PRAOTIOAL PaYSI03 


‘the image appears to turn back. The position of the prism, cor- 
‘responding to the turning point of the imago, is called the minimum 
diviation position. Bring the telescope to view the image and by 
small rotation bring the vertical cross-wire of the telescope to coin- 
cide accurately with the turning position of the image. If the image 
has gob a breadth much greater than the wire, it is advisable 
to make the wire coincident with any edge of the image. 
Read the position of the vernier attached to the telescope. This 
eorrespoids бо the reading of the imaga at the minimum deviation 
Position, 


Take out the prism without altering the position of the prism 
tablo and turn the telescope so as to view the direct image on the 
eross-wiree, or preferably on any fixed edges of the slit. Read the 
vernier. This corresponds to the direct reading. The difference of 
these two readings gives the angle of minimum deviation.* 


Place the prism again upon the table with the refracting angle 

facing the callimator (Fig. 176) and 
the refracting age coinciding with 
the centre of the prism table. The 
parallel beam of light is divided by 
the refracting edge into two halves 
and each half of the beam is reflec- 
ted by each side of the prism. Slow- 
ly turn the telescope to view one 
reflected image to coincide with the 
Vertical line of oross-wires and 
read the vernier. Again turn the 
telescope to view the other reflected 
image and make the vertical cross- 


Fig. 176 
‘of the slit, Road the position of wire coincident with the imoge 


. : the vernier. The difference of 
ев ae КЫШЫ gives an angle which is double the refracting 
Sb р itlor Prism, In Practice, take at least two readings for 

роз Моп of the vernier by slightly altering the position 


of the telescope and bring! ы 
taking into consideration tho JO WO NC URS 


i 2 backlask error of any sorew. 
PUR "s ла um deviation may be taken on both the 
the value of д. e prisms, Thug knowing < and ôm calculate 


* The i y 
СА reading just after the minimum deviation reading 
spectrometers which hay. 92. of the prism table is necessary in cheaper types of 
nS aa’ varilers iE the ine Scales, The main єса]е js fixed with the prism 
is to be read while prism table Toke the amount of rotation of the telescope 
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Results—(Typical) 
Determination of vernier constant of the telescope: 
30 vernier division = 29 main scale divisions (suppose) 
or, 1 vernier division = 80 main scale division. 
One main scale division —£ of a degree 
-. verniet constant = 1m -— 10 = gs m 
= уох р degree $' 
Datermination of Minimum Deviation :—(A typical get) 


The scale réadings are faken with one vernier only. If there are 


two verniers, then two tables may be made. 
po See 


Min. Dev. Reading Direct Reading 
No. of Differ- | Mean 
obs: Main + vern. Total Main+vern. Total лоо ёт 
1 169°%15'+13' 162738" 200°+6' • 200*6' 87°88” 
2 162^15' 4- 12’ 162°27’ 200° 4-6" 200*6' 37°87 37°88 
3 162^15' -- 18^ 162^28' 200* 4-6" 200°6’ | 37°38’ 


——————————————— 


Determination of Angle of the Prism :— 


—— 
Left-side Image Right-side Image 
Nor of Differ- | Moan 
o». Mdin+vern. | Total Маіп + vern. | Total PETS 4 
1 189?30'--14/ | 139°44/ 260°15'+6 5' | 260^21'5' 190*37:b/| 
2 189730'.-18' | 189*49' 260°15'+6' | 960?31' | `190°88/ 190737" 
8 139*30' -- 14' 189*44' 260*15'-- 4^ | 260*20' | 120°36/ 
| 


ЕЕ 
Angle of the prism = =60°.8' 


sin C5» ы 97°66" 
9 


e 9 3 вір 48°68! _ "7544 _ 555 
e ur ;. 60°18’ віп 3079' `5098 Я 
Bin 2 sin ET 


Discussions—In this experiment an angle can be measured with 
an accuracy of one minute and hence the sine of that angle may bè 
found from the sine table ( see the Table at the end of the Book ) 
accurately upto the fourth decimal place Therefore, the value of 
the refractive index, as found by the experiment, is accurate at least 
upto three decimal places. The width of the image of the slit 
Should ba made very narrow so that the cross-wire may be accurately 
веб, The collimator and the telescope should be adjusted for parallel 
таув to geb the angle of incidence equal for each ray passing through 
he prism. i ' 


P.P./17 
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Schuster's Method of Focussing for Parallel Rays 


Even without fccussing a very distant object, the specticmeter 
may be adjusted for parallel rays by the Schuster's methcd ina dark 
room. To follow up the methcd the following procedure is adopted : 
Level the prism table, the telescope ard the ccllimator with a spirit 
level as described on pp. 254, Light up a sodium flame before the 
collimator slit. Turning the telescope aside, Icok tbrough the 
collimator lens with naked eyes and get the image of the slit, If 
the image is not obtained, the elit is closed and the elit is to be 
opened with attached screw. If the image is obtained, move your 
eyes from left to right from one edge of the collimator lens to 
the other edge and see whether the image is obtained clearly for 

i 
c 
(с) 


4 > 
NN c 


c. | Ж 
b 


all positions. If the image appears fainter as y i 
i 1 ] you turn to the right, 
тегло flame is to be shifted tightly to-the left and vice veres 
e image appears equally disti iti 
depen Ppears equally distirct for all positions, the flame 


at the centre of the prism table with its bace side either to the 


Turn the telesco 


in the field of view. Keep the telescope fixed ab an angle 10% 
on angle, ғо that the minimum 


d from its minimum deviation position | 
incidence of light, the image is found t0 
в towards the centro of the field of view | 
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(Fig. 177b). The image at any such position is called the slanting 

image. Again, if the prism table is rotated from the minimum 

deviation position во as to lessen the angle of incidence, the image 

appears to widen owt as it moves towards the centre ; euch an image 
* is called the normal image (Fig. 177c). 


Rotate the prism table so as to obtain the slanting image on the 
cross-wire of the telescope and focus the image with the telescope. 
Again rotate the table in the opposite direction to get the normal 
image on the cross-wires and focus the images by adjusting the: 
collimator. In this way by alternately securing the slanting and 
normal imeges in the field of view, focus the images by telescope 
and collimator respectively. After a few adjustments both the images 
appear equally -distinct 
when the spectrometer 
has been focussed for 
Parallel rays. 


Theory of Scl uster’s 
Method—In Fig. 173, 
а pencil of ray converg- 
ing at a point O, is 
made to pass through 
a prism ABO in such 
a way that the mean Fig. 178 
ray PsQeOe corresponds to the ray incident at tho minimum deviation 
position of the prism. Now, by the virtue of convergence of tke 
beam, the incident ray P,Q, has its angle of incidence smaller than 
that of PsQs which is the minimum deviation ray. Hence for a small 
rotation of the prism so a3 to decrease the angle of incidence, the 
Point О; at which the imergent rays R,O, and Б.О, corresponding 
to P,Q, and PsQe meet, would be the normal image. Oonversely, 
the incident ray PsQs has got an angle of incidence greatcr than that 
of Pa4Qs. Hence the point Os where the corresponding emergent 
rays meet gives the slanting image when the priem tlightly rotated 
in the opposite direction, It is to be noticed that the convergence: 
of the emergent normal rays is always greater than that of slanting. 
О! the two beams, normal and slanting, when the telescope ig: 
adjusted to view the slanting image, it is focussed for a more parallel 

' group of rays. When the normal image is brought into the field of 
View of а telescope already focussed for the previous slanting image. 
it appears blurred because а more convergent group of rays DOW" 
enters the telescope, Вл this continued process of adjustment whem 
both the images are equally distinct, rays coming to the telescope 
are rendered parallel and the purpose is finally achieved, 


ORAL QUESTIONS 


Describe the constituent parts, of a spectrometer, 


fee Why it is called ғ. 
Spectrometer? What is the deviation through a prism ? » 


What is called the 
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‘ 
minimum deviation position of a prlam? Why do you set the prism at the 
minimum deviation position? Which method is proferable for refractive index 
measurement—pin method or spectrometer method and why? What are the 
other uses of a spectrometer? Why ia it essential that the beam passing through 
the prism is to Ъз made parallel? What are the normal and slanting positions 
of the prism? Explain Schuster’s method of adjusting for parallel rays. What 
happens if in the the normal position of the prism telescope ia focussed and in 
ihe slanting position collimator? 


Critical Angle and Total Reflection 


When a thin pencil of light, travelling in an optically denser 
medium, is incident at the surface of separation of a rarer medium, 
the refracted pencil is bent away from the normal drawn at the point 
of incidence ; that is, the angle of refraction in the rarer medium is 
always larger than the angle of incidence in the denser medium. 


Consider а ray of light P,O travelling in glass to be incident at 
а small angle on the glass air surfacs. The refracted ray OQ; in air 
would naturally make а larger angle with the normal ON, by virtue 
of the law of refraction (Fig. 179). 
It follows then that if the angle of 
incidencë is continuously increased 
а maximum value of this angle 
(ZP ON) is obtained for which the 
angle of refraction in the rarer medium 
is 90°, that is. the refracted pencil 
would graze the surface of separation 


index of the denser medium and Лх 
that of the rarer medium, then this 
Fig. 119 limiting value 0 of the anglo of 


ч incidence is ^ obtained from the 
laws: of refraction in the form,— 


из зїп 0 =p, sin 90° whence sin = 
Hg 

Since /; is to be larger than i i 
= ді, the ratio of ", to / is less than 
unity and 9 would have a definite value less than 90° for a given 
PA A media and a given colour of light. Thus when a thin pencil 
S ME т) from a denser to a rarer medium, the limiting 
alue of tha angle of incidence in the denser melium corresponding 


to which the refracted rays just ш 
called the critical angle for the eet aoe s e 


The refractive index of water is 1'88 and that of air is 1 very 


Approximate Hence the critical angle 0 for water to air refrac 


n UE d 
sin б 133 0'15 whence g-jn-i 075—443'38' 


Та a similar way, it can be chown that the critical angle for crown 


glass to air refraction ig nearly 40° and that for crown glass to water 


of the media, If /, be the refractive | 


p 
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is nearly 61°. When the angle of incidence in the denser medium 
be larger than the critical angle for the pair, no refraction is possible 
in the rarer medium and the incident ray is totally reflected in the 
denser medium according to the laws of reflection. This pheno- 
menon is called total reflection. 


Critical Reflection through a Combination of Parallel Plates 
Let there be three plane parallel media of refractive indices 4. 
Ha and из. Suppose that a ray of light in passing from the first 
to the second medium grazes the surface of separation of the second 
and the third media (Fig. 180). Then из must be less than us, If 
Ə be the angle of incidence at the second-third interface, then 
из sin 0 = ра sin 90° —/g 


Again, if ф be the angle of incidence at the first-£econd interface, 
then also, 
Hı sin $=¥ sin 0 
or, H, віп $7 //a sin 0 = Hs 


Thus, the angle of incidence Ф in the first me- 
dium is the oritical angle for the firet and third 
media. That is to say, if the ray were to meet 
the interface of the first and third medium at 
this ,angle of incidence ¢, the ray would have 
just grazed the interface. If the third medium 
be air, then, 
шу віс $7 Аа sin 0—1 

Then, ф and 0 represent the critical angles for 
the first and second media with respect to air, Fig. 180 


Date— EXPERIMENT 92 


To Find the Reractive Index of a Liquid by 
Total Reflection Meth«d 


(Air Сз Method) 


Theory—1f y ba the angle of incidence for a penci á 
travelling in a liquid just to grkz3: after refraction is did Baal 
separating it, then the refractive index / of the liquid is given Ьу, 

' 


Apparatus—A cubical glass vessel, air cell à 
flame or two hair p'ns. ell apparatus, sodium 
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The air cell apparatus consists of a cubical glass vessel containing 
two plane parallel glass plate О 
having a film of air enclosed be- 
tween two plates. The combina- 
tion of the plates is held rigidly 
by а rod which can be rotated 
along a vertical axis, The rotation 
can be measured by the | pointer 
correct to half a degree moving 

у over a horizontal graduated disc D. 

>> 


(Fig. 181). 
Procedure —Fill the glass vessel 
Fig. 181 with the liquid, under examination, 


say water and put the glass plates 
- of the air coll гш шш 
iquid. fhe middle of a pair of opposite faces o eg 
BoE in onic it, place two vertical linear apertures, E 
abot half a centimetra wide. These two’ aper&uress would out О 
extra light which would otherwise pass through the apparatus, A 
rotating the top, place the pair of plates approximately ab rig i 
anglez to the line joining the centre of the apertures and ane 
through the apertures. Place a pin vertically or а slit illumina 1З 
with sodium flame at a distant of 10 to 20 om. such that it 19 
clearly visible through the apertures. 


Now fix your observation on the pin or flame and slowly rotate: 
-Jast аб the moment the image of 


the top in a clock-wise direction, s 
‘the source disappears from view, 
‘read the position of the pointer 
(Fig. 182) Oa rotating the top 
"more, the flame permanently dis- 
“appears. Now rotate it in tho- 
'Opposite direction and jasb when 
the image comes into view, take 
‘the reading of the pointer again, 
Rotate the Plate in an anti. 
‘clockwise directior. At some Dosi- Fig. 182 

‘tion of the plate, the image just in 
‘disappears from the view, Take this reading of the pointer. ди 
‘rotate it in the opposite direction and take the reading when t d 
‘image jast appears. In this Way take four or five pairs of roading” | 
‘and tabulate in the following way. If the two vertical Арат 
‘ате not available, the experiment; сап be done by fixing two pins 81001 


a line at right angles to the edges of the glass vessel, The observ% 
dion should always be made along the two pins, Я 
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Results— 


Readings of the Pointer | Readings of the Pointer | 


Right in Degrees | Left in Degrees Difference | Mean 


260 in Deg. | @ Deg. 


No. of. 
readings 


Flame Flame | @ | Flame Flame | 3 
disappears | appears 3 disappears | appears = 


b m 


———— 


1 
Bin 0 

Discussions —Since the circle is graduated in half degrees, it is 
not possible to take the reading more accurately than half a degree. 
Osnsequently, the reciprocal of sine of an angle cannot be more 
accurate than two significant figures. Thus the accuracy with which 
u can be determined is only upto one place of decimal, This 
apparatus can be made more accurate by attaching the rotatory 
system with the prism table of a spectrometer, the glass vessel being 
held suspended by suitable clamp. The spectrometer is previously 
adjusted for parallel rays, its slit serves a3 the source and telescope 
being kept permanently in line with the collimator. The angular 
measurements can then be done accurately upto half a minute or 
so and the value of и comes to an accuracy of З places of 
decimals. 


u= 


In doing this experiment a close attention is to be made against 
any liquid leaking into the air cell. The glass vessel should nob be 
‘disturbed while taking readings, 


ORAL QUESTIONS 


What is critical angle? What is the condition of total reflaotion ? Explain 
how does the total reflection take place in your apparatus? The critical angle 
is mot with the glass-air surface ; how from this the orltical angle is found in 
water air surface? Why 16 is called an air cell? What is the probable accuracy 
of your apparatus? Сап you suggest any improvement of this, such that the 
refractive index may be measured more accurately? Сап you cite a few ove 
day instances of total reflection ? ту 


Refractomet!er 


A refractometer is an instrument which may be 
measure the refractive indices cf solids or liquids. M a 
& method of determining the refractive index of liquid based про 
total internal reflection. z n 


Let WXYZ be a cubical block of glass of refractive i 


standing upon а layer of liquid WIJX of refractive са p. 


Hy of & 
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lesser value (Fig. 183). Let rays of light from an extended surface, 
6.0., Sky or в white wall, be incident on the face XY of the glass 
block and be transmitted into i& in various directions. Consider the 
incidence of these rays at any point O of the glass liquid interface. 
It is evident from the figure that the higher is the point of incidence 


of light at the face YX, the lesser is the angle of incidence at the 
point O. 


It is known that at the glass liquid interface when a ray ів 
incident in glass аб an angle less than the critical angle for the pair 
of media, major part of light is 


z Ф transmitted into water obeying 
- 5) the laws of refraction, So the 

ray BO meeting the normal PO 

аб а small angle finds a refrac- 

в tion along OO, and similarly the 

ray EO although incident af E 

t the smaller angle than the 

A critical angle is refracted along 
BSS 2 Ња OF. Let а ray LO meet РО аб 
SUN AN an angle just greater than the 

NE М critical angle, and since refrac- 

C. a tion is nob possible in this case 

Fig. 183 almost the total quantity of light 

will be reflected in the direction 

3 OM. Any ray of light below L 
will meet O at an angle greater than critical angle and hence it will 
be reflected making an equal angle with the rormal PO, Hence in 
appear darker and 


face ZI. In faci the face ZW will aly 
illuminated and there will bor Bat ee 


Ug 
Ana D4 s, _ 


siny ра "e Since Ma for air =1 


Again POM - 90 — 7, hence sin POM = Bin 


E Ih ТЕЕ р SS 
e. = 003 r= ,/i=sin [oes віп 

Mg ` аа 
Ug 


(90-+)=cos r 


Hence 4,— Миза; 

Thus knowing i and p,, 1 С 7 vies ig 

ae 1 ' еш Can be determined, This principle 
spilled in а modified form of apparatus known ag Pulfrich Refraoto” 


| 


3 
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Date— EXPERIMENT 93 
To Determine the Refractive Index of a Liquid using 
Total internal Reflection Method 
(Following Pulfrich Refractcmeter) 


Theory—lIf i is the maximum angle of emergence at which light: 
can just pass out from the edge of a glass cube by undergoing total 


‘reflection at the glass water surface at the base of the 


cube then, 
^ — dw J tg? —sin*i 


where ио and ио are the refractive indices of glass and water 
respectively. 


Apparatus—A simple form of Pulfrich refractometer. 


The apparatus, consists of a rectangular horizontsl platform I» 
on which a oubical block of glass B can clide (Fig. 184). There are 
two vertical rods RR rigidly fixed at the end of the platform, along: 
which a metal plate В having an adjustable horizontal slit can slide. 
The plate can be clamped anywhere on the rode. The upper surface 
of the platform L is usually painted black to prevent diffused reflec- 
tion of light to reach the eye. A piece of black paper is pasted ab 
one side of the block so as to cover some part of it from the 
bottom. : 


Frccedure—Put a few drops of the liquid, say water, on the’ 
platform L, Paste a piece of black paper with a horizontal edge 
on the lower portion on one side of а glas cube and place the piass 
cube upon water with the black paper facing the clit 8, Mount the- 
sli& S horizontally to the stand R at the top position and look 
through the elit towards the upper edge of the black paper. If 
necessary place the apparatus facing a window so that evfficient sky 
light may fall on the glass cube A hazy background would ordinarily: 
be observed. Now lower the slit gradually till the hazy background 
just transforms into a bluish tinge, This is the stage at which the 
internally reflected rays oan just pass out. Measure the beight of 
the slit from the plane of the platform with a metre feale. Let i$ 
be hı, Next slightly lower the slit when the backgronnd appears- 
fully illuminated due to totel internal reflection. Again rsise the 
slit slowly until the bluish tirge again appears Measure the height: 
hs of the slit above the platform with the metre scale. The mean 
of these two gives the actual height Л of the elit, Repeat such 
observations three or four times and get -the mean height of 
the slit. 


Measure the distance from the base of the rod Б to the nearest 
edge of the block three times and get the mear. Let it be 1. 
Measure with a diagonal scale or slide callipers .the height of the 
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edge of the black paper from the base of the block three times and 
get the mean ; let it be d. 


Fig. 184 Fig. 185 
; ae TR SVv-VT 
Then according to Fig. 185, cin i= eM Jets tu 
h—d ч s 
=. So measuring h, d and l find sin i. 
М(ъ= df +° 


Finally from the formula py = ug? = sin" i Ша being supplied 
‘calculate д. 


Results — 


Height of the slit from the base while moving downwarés= 
Height of the slit from the base while moving upwards 


‘Distance of the edge of the block from the rod . = 
Height of the edge of the black paper rz 
Rofractive index of the material of the blook z 


Hence „= 


Discussions—The accuracy. of the method lies in setting the 
-alib just at tho Position when a uniform brightness or darkness 
‘suddenly changes to Breenish violet colour which is the point of 
total reflection, For greater accuracy the heights SV and TV may 
ibe measured with a cathetometer, the slit being very narrow. 


ORAL QUESTIONS 
Define relative and absolate refractive Indices, What is meant by critical 
angle? Give the conditions of total internal reflection in a medium. Oan you 
cite a fow common examples of tota] reflection ? What is a refractometer and 
"what are its functions ? : What are the advantages of a total refraction refracto- 
‘moter? Why at a certain position of slit a greenish blue colour is seen ? 


'Sp*erical -Mirrors А 


A reflecting surface which for 


i msa part of a sphere is called а 
spherical mirror; When reflection 


occurs from the hollow side, i$ 
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is called а concave mirror; whereas if the reflection takes placo 
from the raised side, it is called a convex mirror. The centre «f 
curvalure of а mirror is the centre of the sphere of which the mirror 
is a part and the radius of such a sphere is called the radius of 
curvature of the mirror. Fig 186 represents the section of а 


Fig. 186 Fig. 187 


concave mirror, the point О being its centre of curvature and PO its 
radius of curvature. The corresponding figure for the section of a 
convex mirror is shown in Fig 187. The pole of the mirror is the 
central point of the reflecting surface. The point P for both the 
figures, repre:enting the central point of the reflacting surface, is the 
pole. The principal asis is the straight line passing through the 
pole and the centre of oürvature of the mirror. In both cases bhe 
straight line passing through the points Р and O represents the 
principal axis of the mirror. Toe principal section of the mirror is. 
в section by plane passing through the principal axis of the mirror. 
All the sectional diagrams of mirrors and lenses drawn in this book 
give the principal sections. The aperture of mirror is measured by 
tho angle subtended’ by its principal section ab the centre of curva- 
ture. The apertures of the mirrors and lenses herein dealt with are 
. supposed to be small. 

If a parallel basm of light parallel to the principal axis be inoi- 
dent on а concave mirror, the beam after reflection converges to a 
point on the axis called the principal focu3. The distance of this 


2 


Fig. 188 Fig. 189 


point-fron the pole is called the focal length. A beam of light 
parallel to the principal axis in the principal section of a concave 
mirror is incident as shown in Fig. 188, F being the principal focus 
and PF the focal length, The focal length of a spherical mirror of 
gmill aperture is halt the radius of curvature. If a plane is drawn 
through the focus at right angles to the principal axis, it ig 
called a fo»al plane. Any group of parallel rays incident on the 
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mirror converges to a corresponding point on the focal plane. In 
case of a convex mirror a group of Parallel rays parallel to the 
Principal axis after reflection diverges in such a Way as to come ош 
from a point on the axis which is called its Principal foous. Fig. i9 
shows how a group of parallel rays are reflected from a convex 
mirror. F is its principal focus. The focal length and its relation 
to the radius of curvature are exactly alike (for details, vide Basu 
& Ohatterjee's Intermediate Physics, Light, Ohap. III.) 


The image of a point source of light due to reflection айа 
-spherical mirror is drawn geometrically with the help of any two 
of the three typical rays proceeding from it, as given btlow,— 


(i) A ray incident parallel to the axis—the reflected ray prodtced, 
if necessary, passes through the principal focus, 

(i) A ray incident in a direction passing through the centre of 
curvature—the reflected ray goes back along the same path. 


(iii) А ray incident in а direction passing through the principal 
focus—the reflected ray becomes Parallel £o the’ principal axis, 


Date— EXPERIMENT 94 
(Pin Method) 


To Determine the Focal Length of a Concave Mirror by 
Coincidence method . i 


Theory—The focal length of concave mirror is half its radius 
of curvature, If an object is placed at the centre of curvature of э. 


саала mirror, its image is formed of the eame rize and at the same 
place. 


Apparatus—An  opt'oal bench, a concave mirror and a lorg pin. 


An optical bench consists of а long horizontal bed mounted upon 
levelling Screws. There ig 


(Fig 190), Two or three 
the bench, can be fixed at 


Procedure—Mount * concave mirror O to в vertical stand in ® 
manner as shown in Fig, 190 and slide the stand near to one end 
of the optical bench. Fix a long pointer P vertically to the other 
stand. Bring the stand, carrying the pointer close to the mirror 80 
that the tip of the pointer almosf touches the reflecting surface of 
the mirror. No adjust the height of the pointer so that its head 
is very nearly ab the pole of the mirror. This adjustment ensures 
that the head of the pointer wonld always lie on the principal axis 
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of the mirror, whenever may be its position on the optical bench, 
provided the stands are vertical. When very near the pole, 
an ereot image of the pointer is observed. Now, ] 

slowly move the stand carrying the object away 
from the mirror and keep an watch over the 
image. You would find that the image appears 
to be bigger and bigger remaining erect. If the 
image gradually moves to one side, ЫШ the 
mirror slightly along the vertical axis to bring 
the image oa the axis of the optical bench. By 
moving away the pointer in this way, you would ^" 

воб a cerbain position of the stand for which Fig. 190 

the image becomes very big but indistinct. The, position of the 
pointer is then very near the focus of the concave mirror. Beyond 
this position the nature of the image is changed, for now it becomes 
inverted. Мота the stand further away. until the inverted image 
appears bo ba of the same size as the object. Now move your head 
slowly left and right, and observe the relative shift of position between 
the pointer head and its image. If there is parallax, as shown by 
three positions in Fig, 191a slightly shift the position of the pin and 
try to remove the parallax. At the right position of the pin the image 
would move always touching it for a slight swinging of the head as shown 
by the three positions in Fig 191b Thus parallax has been removed. 
Take the readings of both the stands. Slightly after the position of 
the pin and repeat the same procedure to remove the parallax and 
take another reading for the pin position. In this way take three 
or four readings for the position of the pin. Finally to get the 
true distanca between the pole of the mirror and the pin make the 
index correction in the following way. 


Take a sbraight rod and measure its length correct to a milli- 
mater. Lat its length ba т om. Place the rod horizontally -parallel 
to the bed with оле of its ends touching the pole of the mirror. Now 
slide the stand carrying the pin so that obher end of the rod touches 
the pin. Take the readings of both the stands. Let the difference 


Fig. 191 


of readings be y сш. The true distance between the 

pin at this position is z, while the apparent distanoe Medie 
the stands is y. The quantity z—y is called the index ЗЕ у 
To get the radius of ‘curvature add it to or subtract ib from the 
‘apparent distance according as it is positive or negative, e 
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Results— 
No. of | Position | Position Apparent | Mean Taler, | di ida | Focal 
readings | of miero| of pin | distance | distance tion | aon | length 
cm, cm. cm, | осш. cm. | em | cm 
1. 100 | 4»3 | s23 | | | | 
2, 5 A | зда |—21 | вот | 15°05 | 
ы. ————— 


Length of the index rod=(i) 19 om. (ii) 191 cm, (ii) 12°05 сш. 
Hence mean length of the rod—19'1 om. 
Apparent distanee between the pin and the mirror when the 
index rod touches them :— 

(1) 24°9-100=14'9 cm. 

(ii) 941—100-141 ,, 7149 cm. mean 
(iii) 249-100-2142 „ 4 
Hence index correction- 131-14 2= —9`1 om, 


.Diseussions— The position of any stand can be rerd correct to 
a millimetre on the optical bench. Hence the mean focal length 
expressed in centimetres should be taken correct to ore decimal place 
only. If the aperture of the mirror be moderately large, the principal 
foous is not a point on the axis but extends to a very short range. 
It is not possible in such a case to avoid parallax completely between 
the pin and its image, М 


Measurement of Radius of Curvature with a Spherome'er 


The radius of curvature of a concave mirro-, as disousscd in 
Experiment 7, can be measured with a epherometer to compare the 
result with that found in the previous experiment. To do this, the 
mirror is placed upon a tripod stand with its reflecting face upwards 
and readings are taken with a spherometer whence the redive of 
curvature is determined, 


Conjugate Foci 


of the image and f the radius of curvature of the mirror, then she 


Ug nw TP E 
This equation is to be applied 


ONUS With the proper а] ic signs 
of the Quantities involved according arorako Draio Sele 


to the convention of signs, which 
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states that distances are always to be measured from the pole and 
that distances measured sgainst the direction of the incident light 
are taken as positive while those measured in opposite direction sra 
negative, (For details, vide Basu and Ohatterjee’s Intermediate 
Physics, Light). 


Date— - EXPERIMENT 95 


To Determine the Focal length of a Concave Mirror by 
Conjugate Foci or U-V Method 


(Pin-Method) 


Theory—If the distance of an object from the mirror be и and 
the distance of the image be v, then the focal length f of the mirror 
is given by the equation 2 + 1 SE : 4 


Apparatus—An optical bench, а concave mirror, two hair pine, 


Procedure— Mount the concave mirror on a stand ard place it 
nearly ab one end of the bench as shown in figure 192, Fix upa pin 
P ona vertical stand, preferably 


with its point upwards, and adjust à € 
the height of the pin point ғо as to ог п |+ с 
touch an imaginary horizontal line P z I SS 
drawn from the pole of the mirror. 


you would then observe an image ‘ 

of the pin, Move the pin away from soe 

the mirror and follow the image. If 

the image is found to stray away Fig. 192 

from the line of sight joining the t 
pin point and the pole, turn the mirror along the vertical exis to- 
bring the image on this line, Remove the pin to euch a diitarce 

that its image appears to be inverted. Now fix up snother pin Q- 
in a similar way on another stand at an cqral height and adjust its 

distance by trial to such a position that the image of P just touches 

Q. Avoid parallax between Q and the image of P each time you 
make the adjustment. 


Read the positions of the mirror, pin P and pin Q from the seale- 
attached to the optical bench. Find correct lengths и and v by 
index correction according the di:ections supplied in, Expt. 94. 
Take a number of readings (four to six) for и and v alterir g the 
position of P each time. Oalculate the focal length in each case 
from each pair of readings of u and v ard thence find the mean 
value of the fccal length. . 


Results— : 
Mean length of index той —19'1 om. (suppose). 
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Mean apparent distance between the pin P and the mirror when 
index rod touches them=142 om. Hence index correction for u 
ds 12°1-149=-9'1 om. Similarly, make index correction for € 
which is, say, — 9 cm. 


= da "m 1 $ 
= d е | 8: |ы 5 EE Sajo 
FAEHFHEFHEHENECHELP 88|$ 
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= = m E] о 
ав $^|$"| ад $3.9 |$7 587 22 |8 
om. | om. | ош. | ст. | em. | om | em em | cm 
F = | 
1. 40 | 241 | 201 |—21|180 |469 | 49 9 |—20| 409 
ehm c vL во oo» | 201] ... - e | 324 
3. . E — | 288 ар ee dx) eee 
4, e >. eee soe Ri e |249 
5. m . aoe ee eee өөө va 274 
ILLU re LE lei ПА 
SS Sey 
No. of | Corrected | Corrected So uto mA mean 
readings u v UO S 
cm, | cm. cm?, om. cm, om. 
1, 180 | 40'3 7352 553 19'5 
2, 201 | 894 ES see 12'4 
8. ES | du ace Es а 125 
4. 988 | 292 59 eee 126 
5. E. | 974 u ла: 125 
Е ОЕЕО ҮЛ үл 


Discussions—The ваше аз that of the Preceding experiment. 
‘Graphical Method of Finding Focal ‘Length 


There are various ways of finding focal length by graphical 
solution from a series of data for conjugate foci. Such methods are 
‘applicable to the cases of real image formations in spherical mirrors 


and lenses, One method is described here and other two methods 
would be dealt with in Expt, No. 90, s 


Proceed on with the Expt, 95 as usual and make the tabulation 
of the data collected. Second tabulation for calculating mean focal 


length 78 not necessary. Do not take very large values of the object 
or the image distances usually exceeding 60 or 70 om, Since 
graphical plotting of such large values of u and v requires a large 

ob ordinarily available, whereas in an 


Ordinary graph paper, inconveniently small units have to be chosen 
to get such values of object and image distances, 


Take graph paper containing 60 on 70 small divisions on each 
side and choose the origin О of Co-ordinates near at the left bottom 
corner of the paper. Let the abscissa OX represent the object dis- 
tance. Mark off 0, 10, 90, eto., starting from the origin to represent 


EXPERIMENTS ON LIGHT ` 273 


distances in centimetres. Similarly, mark off distances along OY 
Showing image distance. Ib is convenient to have the length of the 
units chosen equal slong both the axes, for example, 1 small unit 
having & valae of 1 em. or if the size of the paper Permits, 2 smell 
units for a length of 1 om. But it is essential that the values of the 
of-ordinates at the origin should be put equal, preferably 0—0, in 
this experiment. 


Now take any pair of values for corrected u and v, say 18'0 
and 40°9 om, Along abscissa count 18 cm, and put a fine pencil 
dot and along ordinate count 40°9 or rather 41 сш. and put another 
dot. Then join these two dots by a straight line with a metre 
soale, This is shown as OH in Fig. 193, Then take the next pair 
of ш and v, and in a similar way get another two dots on the 
co-ordinate axes, Also join them by а straight line. In this way 
draw straight lines corresponding to all pairs of collected data. 
Theoretica'ly all the straight lines so drawn would gass through a 
point on the graph paper and the cc-ordinates of fhis point would 
be (f, f). But in practice, if your observations are sufficiently 
accurate, theze straight lines would pass through a very small area 
on the graph paper, probably covering an area of a small square. 
Then count the distances of the cenire of this square from the 
co-ordinate axis in terms of units chosen. Take the mean value of 
the two distanoes, which give the required focal length. In case 
you have taken one small division as 1 cm., you can graphically 
find the value of f correct to half a centimetre and rot beyond i$ 
by oye-ashimation. The value of f according to Fig, 193, is thus 

'Ü om. 


It may bo mentioned in this connection that the method of 
Calculating focal length of each YE 
веб of readings and thence to i 
find the mean focal length gives 
& more accurate value of the 
Observed focal length than the 
graphical method which is 
done in the ordinary way. 
Since the accuracy of measure- 
ment of ù or v is about 01 
cm. the mean focal length 
comes out accurate to 0'1 cm.» 
bub the graphical method, in 
which a small division repre- 
sents 1 om, does not with eye- 


m 


w 
© 


[2] 


w 


5 


Imago distance 01 Small div, =1 om. 
m 
8 


estimation give an accuracy of E 

not beyond 0°5 om. or 0'25 cm., H SEH 
on the shorter side. But the oes OE WEE NR RE d 
graphical method is convenient Object dis u.+1 Small div.=1 cm. 
ioacmuch ав it caves а lot of Fig, 198 


salculations. 
P.P./18 
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Theory of the Graphical Methcd— The equation of any straight 
line in rectangular co-ordinate OY and OX is given by y= mato, 
where y and œ represent the co-ordinates of any point on that lire. 
The co-efficient m indicates the tangent of the angle between the 
straight line and OX, and c represents the value of the intercept of 
OY between the origin and the junction of the straight line with OY. 
The values of m and c may be positive or nogative according as the 
tangent of the angle and the intercept are positive or negative. The 
equation of the straight line EF (Fig. 193) is given by, 


у= tan LEFK+0E= ~ ator АЛШ 
1 
where ОЕ = о; and OF—u, (say). 


For the same reason, the equation of the straight line oD 
y=atan ZODX+ O0=- atv .. 09) 
where OC — v, -and ODz-us (вау). 

At the junction P of these straight lines, since y and œ are cqusl 
—"2e4+0,=-% p.v. whence $ (n. - o. =v- Vy (8) 
Uy ша m 


E 
з Uy 


Again for real images, de bg l also Ha 1 H 
е wu f 


Maltfplying the first by v, and the second by vs, we get 
14° =з ond 142 2?» whence ба — 21 = Ua — 96 
ae y Us f Ug W f 


Substituting in equation (3), we get 


zt) 703-9; .. =f 


Substituting the value of =f in equation (1) and writing 


ET 1 it can be proved that у=] for the rame point P. Thus 


` the junction of all straight lines drawn in thi whe 
same co-ordinates (f, f. ), app et 


ORAL QUESTIONS 
Define the to 


differ from а concave one ? 
What is а methcd of Mes 


lokest ana reeds КП is index correction? What mirror? 


le8 
of vision even at the correct ОЙНОШУ дошу уны tor ае 


Localisation of а Vertual image 


A real image is formed b 


th or 
refracted rays and hence it ee he qui Inforsdokon Glixeltópies а 


can be received оп в screen, Воб 


cal lenth of a spherical mirror. How does a convex mirror | 
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virtual image is formed at a position where a divergent group of 
reflected or refracted rays produced backwards meets. It can be seen 
when eye is suitably placed but the image cannot be received on a 
Screen, To detect the position of virtual image a plane mfrror is 
sometimes used in front of the object ; the position of virtual image 
formed by this mirror is alwsys known. By suitably adjusting tke 
position of the plans mirror, the virtual image of this mirror is made 
to coincide with the virtual image under investigation, the method 
of coincidence being tested by the method of parallax. Anotker way 
of detecting the position of a virtual image is to fix up a thin and 
straight rod near about the position of the virtual image so that 
both are simultancously visible. Then the rod is adjusted to such 
a position that there is no parallax between the two. Firally, the 
object and the image distances are ascertained from the pole of the 
mirror whence the focal length is determined. 


Datc— EXPERIMENT 96 


To Measure thé Focal Length of a Convex M'rror by Plane 
Mirror metkod ard to check it by Sphercmeter 


Theory—If u is the object distance, v the image distance and 
f the fooal length of а s; Һөгіса! mirror, then 
less 
лр pco 
v u i. Ap 
But in a convex mirror the focal length and the image distance 


aro negative and hence dg: 
v u if 
Apparatus—Optical bench, convex mirror, one long pin and a 
plane mirror. 


Proecdure—Fix the convex mirror O with a vertical stand of 
the optical bench and 
place it near the end of 
tbe bench. Fix a plane 
mirror M vertically to 
another stand such that 
the upper edge of the 
plane mirror touches the 
pole of the convex mirror. 
Place both the mirrors 
with their reflecting sur- 
faces facing the other 
end of the bench 
(Fig. 194). Clamp a long 
pin P vertically оп Fig, 194 3 
another stand at the other end of the table. On now looking in the 
directicn of the mirrors you would be able to see two halves of the 
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"images of the pin. One image is due to the convex mirror, | which 
“is virtual, erect, smaller in size and is formed somewhere behind the 
‘mirror. The other image is due to the plane mirror, which is also 
‘virtual, erect and of the same size as the object. A slight turning 
‘of the mirrors may be necessary to bring the images on a line. 
Now if you move your head slowly to the left and right, you would 
find a relative change of positions of these two images, showing 
that these two images are nob generally formed ab the same rlace. 
Now slowly move the mirror M and ай the same time try to avoid 
parallax between the two images, When for a certain position of 
‘she mirror M - the two images appear to move together, the image 
‘due to the plane mirror ів at tho same position as that due. to 
«@onvex mirror, 


Then read the position of the pin, plane mirror and the convex 
mirror on the optical bench, Change the position of the pin by 
about 2 to 3 om. and again adjust the position. of the plane mirror #0 
savoid the parallax between the images and take a fresh seb of read 
ings, In this way take four or five set of readings, 


Make the index corrections of the object distance between the 
pin and the convex mirror and that between the pin and the plane 
mirror which is connected with tho image distances, Leb she 
corrected distance from convex mirror be ù and corrected ditance 
from plane mirror be d. Then the corresponding image distance © 
is 9d-w, From а pair of values of object and image distances; 


calculate the focal length, The mean value of the focal length gives 
‘the result required, * 


Results— 


Index correction for = 2'4 om, 
Index correction for d—0'3 om. 
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t dac. 
7. mean f—16'l om, во radius of curvature 392 em. 


Least count of the spherometer = ‘005 mm, —'0005 em 
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Mean difference of disc readings on the convex and plane 
surface =('5 +51 x 005) mm.= ‘0755 сш, = №. 


Moan distanca between spherometer legs=3'8 cm. =c. 
Es Bep. DW us. em 
ý 6h 2 6x'0755 "x 

Hence percentage of difference in resulta 194 nearly, 

Discussions—The coincidence of the two virtual images should 
be done very accurately which depends upon the accuracy with. 
which the parallax between two observed images may be avoided. 
The adjustment of the two mirrors should be done in such a way 
and observation should be made from such a position that the image 
of the upper half of the pin is seen in the convex mirror and that of 
lower half in thé plane mirror. I is then much advantageous to 
examine the coincidence of the images and to test for parallax. Wor 
any fixed position of the pin, the readings for the position of the 
plane mirror may be taken two or three and its mean position may 
be calculated to get more accurate results. It would be of advantage. 
if a pin coloured white is taken as the object, 


ORAL QUESTIONS 


What is the nature of the image in a convex mirror? Why it is erect 7 
Distinguish between а real and a virtual image. Why a screen is not used to 
recoivo the image? Define the principal focus of a convex mirror. Why the 
aperture of the mirror should bs small? How can you arrange to get а real: 
imago from a convex mirror? Give a practical illustration of the use of a 
convex mirror, : 


Lenses 


A lens is а portion of transparent medium bounded by two 
Spherical surfaces. The lins joining the centres of curvature of the: 
Spherical surfaces 
is called the princi- 
pal axis of the lens. 
The lenses may be 
divided into two 
Classes: those 
thicker af the mid- 
dle part and thinner 
ab the edge : these 
are called convex 
lenses. The other 
class, which are 
thinner at the 
middle and thicker Fig. 195—Types of Lenses 
at the edge, are 
called concave lenses. A convex lens may be bounded by two 
spherical surfaces which have their centres on both sides of the lene 
in which case it is called a double convey (Fig. 195A). If the centres. 
lie on the same side, it is called a convex meniscus (Fig. 186B) 18 


N 
N 
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m 
А 
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one side of the lens is plane and the other side-curved it is called 
a plano convex lens (Fig. 1950). Similarly, there are three types of . 
concave lenses called plano-concave (Fig. 195E), concave menisous 
(Fig. 195Е) double concave (Fig. 195G). If the two radii of curva- 
tures of a convax or а concave lens be equal to each obher it is 
ealled an equi-convew or equi-concave lens. 


' Date— ExPERIMENT 97 


To Determine the focal length of a Convex lens by 
Conjugate foci or u-v Method 


Theory—lIf an object, placed at a distance и from a convex 1008 ` 
produces a real image on a screen аб а distance v from the lons, 
then its focal length f is givan by the expre:sion,— 

Rev dick, | 
о, 

Аррагаёив —А 1 optical bench, а canile flame, a lens, a holder 
and a papar screen, or two pins instead of the oandle flame and the 
вогавп, (Description of an optical bench is necessary.) 


Я: ое Monnt & ріп or в candle stick оп а stand af one 
of the optical bench (Fig. 196), Place the lens L ia the holder 
ү on the middle 

| stand. Mount 8 
! paper soroen (in 
' ease of a candle 
flame) or a pin Un 
caso of a pin objèct 
upon a third stance: 
Place tha 0:66 
stands cloze toge- 
ther and adjust the 
heights of ей tbe 
three so аз to make 
3 = axis of the bee 

ig. 196—Optical Bench horizontal. In c8 

оЪјгоб, m ' з the 
Fi pe ird of the flame, the lens and Ms hen hori- 

centro of the lens ho ‚#0 pins, make the bends of the pin and 

to distanoe so as to Er red ALT carrying the len? 
which б oi the flam ab © 
until tee acai ee Move the screen 8 didi len?; 
When pin stands tor th Оп & sharp imngs on its surfaco is obtained: 
other side of the le 8 objeos, look for its inverted image from the 
between it and the 1 ns and by the second рїп remove the parallax 
object and le d tho d Take the readings for the positions ° 
пз and he image on the Optical bench, For a given 
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position of the object and the lens, two readings for the positions 
of tho soreen or pin should be taken,—when it is approaching and 
when it is receding. The mean of these two readings gives the real 
position of the image. Alter the position of the lens three or four 
times and in each case and find the corresponding position of the 
image. Thus а number of object and image distances are obtained. 
Make index correction for the object and image distance and then 
from the formula find the focal length. 

Results—For tabulation of data vide Expt. 95 :—Datermination 
of focal length of a concave mirror by w—v method, 

Discussions—The samo as Expt, 95. Instead of а candle flame 
serving as the source of light, a pin or а crossed mark on а piece 
of paper might serve as the object. The image position is then 
located by the mothod of parallax on a suitable screen. 


Graphical Methods of Measu'ing Focal Length 

One graphical method has been described in connection with 
Expt. 95, Other graphical processes, in which the focal length can 
be found, are discussed in this article. Proceed on with Expt. 97 
as usual and maka a tabulated chart of collected data. Ав an 
illustration, suppose that the data that you have obtained experi- 
mentally are as follows :— 
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b M 
On a graph paper take equal length for ihe units along ihe two 
rectangular axes representing object distance и and image distance v, 
generally 1 or 2 small divisions for 1 om. The chosen origin of the 
co-ordinate axes must have equal values for wand v—either O—O 
ог soma convenient equal values, In Fig, 138, the origin of the 
co-ordinates is for w=v=20 cm. Then plot the points for the 
corresponding pairs of’ values of ш and v, and draw a free-hand curve 
through these points. The nature of the curve is an arm of a 
hyperbola, as shown by ABODE.* 
бшуге к=н т: 


* а 1 = 1 constant k, whence р+и—Кти=о. This is tho equation to 


v w 
hyperbola in which the coefficients of second degree powers in u and v are zoro. 


280 INTERMEDIATE РВАОТІСАГ, PHYSIOS 


: А " H f 
of co-ordinates. Find апу co-ordinate of thig point in terms 0! 


units chosen and this would be 9f. So half this value is the 
required focal length, 


point is to bə determinea in it, whereas in the other the MIA 
of & mean point of а small area is to be found. The accuracy 


or 0°25 ст, depending cn the 
size of the units chosen on the graph paper, 


чка: "#7 
Е 53 (i) 


Hence thig equation represents th 
co-ordinate axes v and ш, 


Again for the Straight Jing OP, equal! 
equation ig given by 


e general equation of the curve in 


Y inclined {о the вхов, its 


i i : both these conditions would 
Ө satisfied, Hence Writing w=y in equation (i, we get ab P, 
9 


др: Or = 97 and Similarly ш = 97. 


Reciprocal ‘Method —In thig 


method the tabulation should be 
slightly modified in the 
—— 


following way :— 


| Rec!procal of Reciprocal ot 
No. of Corrected v 1 Corrected ig:anicel 
Readings Object distance Object distance Image distance Brige ай iu 
E E INT 
em, emi LET ENS 
602 0165 189820 0846 
524 "0191 81-1 “0925 
208 0245 874 E SOS 
324 0308 491 0204 
| a 0345 613 0168 


The reciprocal of any number ig Conveniently obtained from the 
Table of reciprocals in any book og Tables, Since the readings 
for u and о are correct to 1 Place of decimal after two integers 
(8 significant figures), that is upto fourth Place of decimals because 
zero everywhere occurs at the first place of decimal, 


8 curve is an arm of a hyperbola.. 
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Oa а graph paper choose two rectangular axes to represent J/u. 
and l/v, and mark off units of the sams size and starting from zero 
values, For conveniences take each small division to be ‘001  cm.^?, 
Or if the sizə of the paper permifs. you may take 2 small divisions 
to be ‘001 om,™*. Then plot the points corresponding to conjugate 
value of 1/w and 1/v. If the readings are accurate these points will 
be found to lie almost in a straight line. Now with a fine pencil 
and a metre scale, pass a straight line evenly through these plotted 
points such that the line makes equal intercepts with ihe iwo co- 
ordinate aces. 

The nature of the straight line and the probable positions of the 
points are shown in Fig. 193. Now find the value of any intercept 
OR or OQ which has been made equal by the process of drawing. 
Then find the reciprocal of this intercept, which gives the focal 
length in om. 

This graphical method is most accurate for the two following 
reasons, Firstly, there is no uncertainty about the practical location 
of the point whose co-ordinate value would give the focal 
length, as is described in Expt. 95. Secondly, there is no uncertainty 
about the exict nature of the graph obtained since it is a straight 
line, but mich of uncertainty lies in the free- hand curve of the 
second graphical method described earlier in this article, Moreover 
there is this advantage here that the position of the straight 
line to bo drawn can bə judged accurately from the relative 
Positions of the plotted points and from the condition that the 
Straight line cuts equal intercepts at the two axes. 

To read the intercepts an eye estimation to a tenth of a small 
division can be made in this case with a magnifying glass, The value 
of OP or OQ in this саве is ‘0513 cm. *. Hence, 


1 А О 
= — = 19" . being accurate upto 0'1 cm, 
f 0518 19°6 cm g 


Th ory of the Method—It l/u be p and 1/v— a, then the. 
conjugate foci relation for a real image can be expressed in the form, 


ptq zs = const. for a given lens or mirror. 


Thus the graphical relation between p and g is a straight lino. At 
the point where this straight lino outs the g-:xis, the value of p is 
zero, If qı is tho value of q ab this point, then 


1 1 
=— whence f=—. 
qı f q 


1 
Again where this straight line cuts the axis of p-axis, g=0, If Dy 
is the value of p at this point, then also 


ee whence fa. 

Ј 1 Pı 
Thus р, =qı, or the straight line makes equal intercepts with the 
Co-ordinate axes representing reciprocals of object and real images, 
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distanca and the reciprocal of any intsroept represents the required 


focal length. 


Date— 


EXPERIMENT 98 


To Measure the focal length of a Convex Lens 
by Plane Mirrer Method 


Theory—It an object ba placed in front of a convex lens with & 
Plane mirror behind it such that the image is formed at the same 
position as the object, then the distance of the object from the lens 


is the focal length of the lens, 


Apparatus—A convex lens, а plane mirror, & long pin and an 


Fedjustable holder. 


Procadurs—Place the Plane mirror M horizontally on the table 


Fig. 197 


pin and its image appear to touch 
side fo side and try to remove the 


adjusting the position of th 
of the pin is obtained, the vertical d 


8 glves the required focal length.* Measure 


focal length. 


*In case of a thin lens 


8 pln up or down. 


P with а metre seale 


and wipe off any dust or grease 
that may stick on it. Olean the 
convex lens and put it on the mirror 
(Fig. 197). Fix a pin P in a 
horizontal position above the lens 
on an adjustable vertical stand 
and look vertically towards the 
lens with your eyes about a foo! 
higher than P, You would then 
observe an image of the pin due 
to the lens-mirror combination. 
This image is due to the combined 
refraction through the lens and 
reflection by the plane mirror. 
Looking along this lino, adjust 
the position of the pin so that the 
tach other, Now move your head 
Parallax between these two by 
When such a position 
istanco OP from the pin to the 


In this case also take a 
of the pin by repeatedly adjusting 


Measure th i ith & 
correct to а main the thickness of lens wi 


thickness of the lens to the me 


metre only. Add one-third tbe 


ап value of OP to get the correct 


‚ it is immaterial whoth istance ів 
measured from the optical centro of th Qc ы сора cee 
of a thick Jens, the focal length should Dou UU EL 


Tons which is situated at а depth of ono 0106891160 from а nodal 


4ipper surface, 


point of the 
the thickness of the lens below the 
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Results— 3 Е 
(Details of measurement of the thickness of lens to be given.) 


No. of Position | Position | Difference i thickness | Focal 


Readings of P ot O of P&O prenn of lens length 
om. om. om. 
196 03 19/9 


Discussions—The equation of a thin lens is derived on the 
ajsumption that ite thickness is negligibly small as compared to its 
focal length. Toorefore, for thin lenses the distance of the focus 
from the surface of the lens gives its focal length. If the lens 
supplied is appreciably thick, the focal length is to be measured 
from a point inside the lens which is called its corresponding nodal 
point. This point is generally found to be at a distance of one-third 
tha thickaess of the lens from its upper surface. For a thick lens 
it is dificult to avoid parallax for all positions of the eye. The 
approximately best position of coincidence is then to be sought for. 
This phenomenon is called the spherical aberration for a lens, 


ORAL QUESTIONS 


What is a lens? What is it that differentiates a convex from a concaye 
lens? What is the principal focus of a convex lens ? Define the focal plane. 
What is tho naturo of the image received? What is parallax? Why do you 
avoid parallax in determining the image position? What is the optical centre 
of the lens ? 


Date— EXPERIMENT 99 


To plot on a Graph paper the relation between the 
conjugate foci of the Convex Lens and thence to 
determine the focal length of the Lens 


` The xry—The graphical relation between the object and real 
image distance of а convex lens as given by the form of the equation, 

1 1 1 

Doa БА. 258-34 

с А 
represents an arm of а hyperbola. If the origin and the values of the 
units of co-orlinates on the axes be taken identical, then the equation 
of a straight line drawn аб an angle of 45° to the abscissa is w=, 
The point of intersection of the hyperbola with the straight line gives, 

u=v=2f 

Apparatus—The samo as Expt. 97, 
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Procedure—Tho same as Expt. 97. 


Results—Tabulation as that of Expt, 95 for u and v. Second 
tabulation for f is not necessary. 


A graph paper is taken and with origin as zero suitable equal 
units are taken along the axes to represent w and v. A straight line 
is drawn from the origin making an angle of 45° wi d 
axes to cut the curve at a point P The co-ordinates of this point 
are measured and found to ba equal to 9f. 


Displacement Method 


When the distanca between the source of light and the screen is 
considerably larga being greater than 4 times the focal length of а 
Soavex lens, is ean bs proved that for a given distance between the 
sourcs and the screen, there are two positions of the lens for which 
real imagea are obtained on the screen, 


Let PQ be a linear source of light and а вогееп ab Q, bo placed 
at right angles to the princi- 
pal axis Q,. Let distance 
QQ: be D (Fig. 198). Let 
1 be one position of the 
lens for which а real image 
is obtained on the screen 
Fig. 198 Let Т, Q be v, then 1.0: = 
ч image distanca = D — ц, Thus 
for the real image due to a convex lens of focal length f. 
LAN дны 1 "qu 
E ys Whence: by simplification u* —uD4 Df -0. 
This quadratic 
Ui and us. 


Pane ——— 
Lot ш =Р+ УБ” ау and m, =D- AD aD 
2 
008 4, and we for whioh real 
fixe] screen. Suppose LıQ=t: and 


equstion on solution gives two values of u say 


Hence there must be two object Sista 
images are obtained On the 
1,0=и,, 
Then I4p,—,, -u= ps —4Df™a, вау 
=D? -r° 
Hence f oe - I aro) Somali 


where @ is tho 


When ¢=0, pe, flistanoe between thg two positions of the lens. ў 


It follows from eqn. (1) that for a oj ller 
is the value of D, smaller is the value ite, rond Ares 
value of D for which these two Positions of the lens сїйї, TERT 
138 æ becomes zero. This minimum value of D is 4 times the focal 


lengt ; is limiti 4 
mice lens ; below this limiting value, а real image cannot 
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This principle affords a means of measuring indirectly the focal 
length of the lens by measuring the length of the two images. Let 
‘the object of length PQ throw two images of lengths P,Q, and 
P2Q: for the two posltions of the lens, then it can be proved thal, 

PQ? =P1Qi*PsQi1 whence PQ= Уруб, x PQ 


Date— EXPERIMENT 100 


To determine the Focal Length of a Convex Lens 
by the Displacement Method 
Theory—If the distance between the source and the sereen be 


D and if for two positions of a convex lens аб a distance @ from 
each other, real images are obtained on the screen, then 


02-52 
IR D 
where f is the focal length of the convex lens. 


Apparatus—Convex lens a source and a screen. 


Procedure—Take а pin as the object or a candle flame or more 
conveniently а cross-wire illuminated by a strong light and place it 
on а stand ab one end of the optical bench (Fig. 199). Fit up a 
convex lens with a suitable holder on the second stand. In case of 
a pin serving as the object, place another pin on the third stand. 
Bat if tha candle flame or illuminated cross-wires be the object, a 
screen consisting of a piece of white unglazed paper stretched upon 
a metal ring is to be mounted upon the third stand. Bring the 
stands as olose as possible and make the source, centre of the lens 
and the screen co-axial (Expt. 197). Now slide away the screen at 


a fair distance. 


* ет — а 
ZITTWDPETTRU 
ET 


Then slide the stand for the lens at a suitable distanee from the 
source so as to get sharp real image on the screen, If for no posi- 
tion of the lens real image is obtained, the screen is to be moved 
further away. In ense of pins, shift the lens by а small distance and 
try to remove the parallax between the image of one Pin and the 


Fig. 199 —Displacement Method 
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other, Аб a certain position of the lens there would be little or 
no parallax, 


When a real image is obtained on the screen, read the position 
of the lens from the optical bench. If the lens is nearer the source, 
gradually slide it on its stand towards the sereen until another sharp 
real image is thrown on the screen. Road this positions of the lens 
again, The difference of readings gives the displacement of the lens 
т. Read also the positions of the source and the screen. With an 
index rod, make the index correction between the source and the 
screen, after removing the lens. Add index error to the difference 
of readings of the position of the source and thet of the screen, which 
gives D. Tako three sets of observations changing the value of D 
each time and find the focal length in each саве. Find the mean 
of these observed focal lengths. In case of pins, follow the same 
procedure ; but find the image position always by avoiding parallax. 
The index error between the two pins should be taken into consi“ 
deration. This experiment with pins is a bit tedious one, but the 
illuminated cross-wire method is very convenient. 


o 
No. of I2 Бото Differ- Posi- Posi- | a Ind а 
Read- | tion of | tion of | 020° | tion of | tion of | E Bde | Dd E E 
ings Trang nET c Source | Screen (08 COE id 
am | A 
om. cm. em. ош. | om. |, em om. em. em 


3609 | 614 | 245 | 969 45 | 994 | -50 | вте 01 
188 | 609 | 459 | 9509 | | E 
U———————M— EE ee E ES TEE 

Discuision—In order to carry out the displacement method, the 
optical berch must be longer than four times the focal length of the 
lens under examination, Tt the distarce between the source ard the 
вогееп is made mtch greater than 4fa becomes large snd for ono 
Position of the lens, the image is too small and for the other 
Position too large. It is then a matter of difficulty to remove 


parallax of the image specially when ib i а 
is large. Hence for an accura 
determination of f, sbould not be taken lion large. 


ae 


ORAL QUESTIONS 
at splacoment 


What is a di meth: 
od? Why do you get а more magnified image 
Т8 Imdox dorteston nace y Ма) ie ааах? What 1а Index oorrogtlon 7 
on а optical bench for which a real s ac pu gut ein 


What is called the power of a lens ? "Wat ie A Mea ux s 


Refractive Index of the Material of the Lens 


The refractlve index u of 


the materi th 
Pt Tis rail Баст а aterial of the lens, its focal leng 


1 8nd 72 are connected by an equation— 
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1 ( 1 1 

= | EL. x 
- У ШЕ Ts 
For a double convex lens f and 71 are negative in sign and further 
for an equi-convex lens 71 =7з =f, Бау 

Hence, Le (- Jc +2) =(u- 1)2 1 
-F Tı Ta r 

E 
of ' 
On determining the-focal length of a lens end on measuring its 
radius of curvature with a spherometer. и can be calculated. 


ucit 


Combinstion of thin Lerses in Contact 


Let Lı and Lg be two thin lenses of focal lengths fi and fs 
placed in contact (Fig. 200). 
Let а point source of light О 
placed at a distance ш from 
the combination on the prin- 
cipal axis have its image at P 
at а distance v, due to the 
first lens of focal length fi. 
Then according to the general Fig. 200 
equation of the lens,— 


р 

ay ae saa? ai) 
Now in so far as the refraction at the second lens Ls is concerned 
P acts as the virtual source at a distance vi. Let the final image 
be formed at Q аб a distance v from the combination. Hence for 


the second lens of focal length fo— 


1 1 1 
1-1-1 WE 
vU fs ( ) 
Combining equations (1) and (2), we get 
m I +21 UN (3) 
v au fi fs 


A single lens, which being placed, produces an imsge of an 
object atthe same place and of the same magnification as that due 
to the combination of lenses is known as an equivalent lens, Hence 
if F be the focal length of such an equivalent lens. 


pouce gh 
JC SCA RE 


This is the general equation for two lenses in contact, If th 

lenses be convex then both have negative focal lengths and T id 
length of the combination are negative, whereas if one lens be 
convex and the others concave then one focal length is negative 
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while the other is positive. Then the reciprocal of the focal length of 
the combination is the difference of the reciprocal of their focai 
leng&hs, The nature of the combination, either a convex ога 
concave, is determined by the algebraic sign of the equivalent focal 
length. This method is sometimes adopted in determining the focal 
length of a concave lens. 


Date— EXPERIMENT 101 


To Determine the Focal Lengfh of a Concave Lens 
by the Combination Method 


Theory—If the focal length of a combination of a convex and & 
concave lens be—F and if the focal length of the convex lens alone 
be —f1, then the focal longth fa of the concave lens is given by the 
relation, 

= ta 
to FA 


Apparatus —Ап optical bench, а combination of а conyex and 
а concave lens 


hm as the source of light either a candle stick or 
apin Ру and mount it upon a stand at one end of the bench, Make 


object place a Paper screen on the third stand or if a pin be the object, 
n on this stand (Fig. 201). Find the fooal length 
of the combination by 
U—V method or Бу 
displacement method 
(vide Expt. 97 or 100). 
Then take the concave 
lens from the holder so 
that the convex lens 
remains on tne stand. 
Find the focal length 
of this lens in в 
similar way. Then 
from the formula find 
Fig. 201 the focal length of the 


lene. 
Resulis—Tabulate th concave 
single convex lens as in UW онот но combination and for the 


Combination of lenses may behave 

of the convex lens must be 
the concave lens, To carry oub 
of longer type ig necesgary- 


shorter than the focal length of 
this experiment an optical bench 
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ORAL QUESTIONS 


What sort of image do you get in a concaye lens? What is the difference 
between a convex and a concave lens? Why don’t you apply the direct u—v 
method to find focal length of a concave lens? What із the function of the 
convex lens used in the combination method? Does any convex lens combine 
with a concave lens for the combination method ; if not why? 


Date— EXPERIMENT 102 


To Measure the Refractive Index of Liquid with a 
Piane Mirror and Convex Lens 


Theory—If the focal length of the convex lens be f; and when 
that lens is placed upon a plane mirror with some liquid in between 
the fooal length of the combination be F. then the focal length ta 
of the plano:coneave liquid lene, so formed, is given by, 


= ҺЕ 
Р ре үл 
Again if / be the refractive 
index of the liquid of which the 
lens ig formed, 7 be the radius of 
curvature of the lower surface of 
the convex lens which is evidently 
the upper surface of the liquid 
lens, 
aa 
fs 


Combining the two equations, 
т(Е-/,) 
ҺЕ; 


Apparatus—A plane mirror, & convex lens, & small quantity of 
a transparent liquid, в vertical stand, a pin, spherometer. 


Procedure—Place the plane mirror horizontally on a table and 
put the coavex lens on the mirror. Fix up a long pin P on the 
adjustable vertical stand S in a manner as shown in Fig. 202. Now 
find the focal length fı of the lens in accordance with the directions 
as given in Expt. 99, Таке atleast three sets of readings for the 
fooal length and find the mean. Then put a few drops of liquid 
on the plane mirror and place the convex lens upon it, The com- 
bination behaves as a plano-convex lens. Take sleo three sets of 
yeadings for the focal length of the combination ard find the mean 
focal length Е. 


Then measure with the spherometer Te radius of curvature of 
tho lower surface of the convex lens as given in Expt. 7. Take five 
sets of readings and obtain the mean value. 


Р.Р./19 


then (pear 


Fig. 202 


we geb, #=1+ 
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Results— 
Tabulation as shown in Ехрёв, 99 and 7. 


Hence д=......... 


Discussions—Similar to Expt. 99. When the liquid put is ex- 
tremely small, it spreads ever a small area on the mirror and ү 
the aperture of the combined lens is small. In that onse it is diffiou 
to examine the parallax between the pin and its image. In viewing 
the image, the eye of the observer should be placed well behind to 
see the image olearly. 


ORAL QUESTIONS 


Why do you usea plane mirrror in finding the foonl length of the ENES 
lens? Oan you do this experiment using a spherical mirror instead of a plane 
mirror? Why is the focal length increased when liquid is used? Can you in 
the refractive index of a coloured liquid by this method? Is it possible to fin 
the refractive index of chinese black ink; if not why ? 


Date— EXPERIMENT 103 


To Measure the Focal Length of a Concave Lens by 
the Parallax Method 
(Plane Mirror Method) 


Theory—The image produced by а conoave lens is always 
virtual in nature and ig given by the relation, 


nil 


DEA Ff 


when u= object distance, v=image dista 
Measured from the Principal point of 
the nearest surface of the lens, 


nce and f= focal length, all 
the lens or approximately from 


The position of the Virtual image with a concave lens may be 
conveniently determi 


тшіпей by coincidence of another similar image 
Produced by a plane mirror Placed suitably. 


Apparatus Ап optical bench, a concave lens, two hair ping, 9 
plane mirror, 


Ue о а 
an optical bench. Fix a Concave | d at the 
НИЯ) Бране berah, Adj 9 lens L on another stand а 


ust its height go that the head of the pin 
and the top of the lens are ne 


Mount a small rectangular pla: 
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‘of the lens such that the upper horizontal edge of the mirror is 
approximately ab the cantral part of the lens and its reflecting 
surfaca is away from the lens, Place another hair pin Q upon a 
‘fourth stand in front of plane mirror at the same height as that 
-of the first pin. 


Place youreye behind Q and observe ina direction along P. 
"You would ba able to see the image of Q reflected in the plane 
mirror some where on the back side of the mirror. If this image 
‘appears to be much deviated А 
Írom the bed of the optical 
bench, turn the plane mirror 
along its stand as axis by the ~ 
required amount to bring the 
‘image on the bed. You would 
also see the refracted image 
of Pdue tothe lens, which 
would also appear to be a bit 
smaller in sizə but erect and formed some where behind the lens. 
Now adjust the height of your eye, so that you are able to sea the 
dower half of the image of Q and the upper half of the image of P 
along a vertical Line. This alignment of the images, you can do by 
slightly tilting the plane mirror along vertical axis. 


Fig. 208 


When this is done, move your eyes slowly lefb and right and 
observe tha relative change of position of these two halves of the 
dmages. If there is parallax, try to remove it by sliding the 
position of the mirror or the pin P on the optical bench, Finally 
get the position for which there is no parallax between the two 
‘halves of the images. Then the image position of the second pin 
due to the plane mirror is coincident with the image position of the 
first pin due to concave lens. 


Now read from the optical bench the position of the first pin P 
and call it а om. Read the pesition of the concave lens and call ib 
b cm. Тһе differenca of these two readings gives apparent object 
distanc3. Take the reading of the plane mirror, call 16 с om. Algo 
read the position of the second pin Q, which is say dom. Then 
Q¢-(d+b) gives the distance between the image of Q and the 
юопсате lens, which is evidently the apparent image distanca Фу. 
Onange slightly the position of the pin P and take another series ot 
readings for шу and vı. In this way, by changing the position of 
the objest every time, take four ог five sets of readings. Finally 
makes the index corrections for object and image distances and get 
‘the true object and image distance ч and v, 


Я uv 
Then from the formula HRE calculate from each set the fooal 


length of the lens, Thence find the mean fooal length, 
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Results 
Index correction for u= 
Index correction for ре 


SET ES a 

2] 2 8 38| 39| s g a 
= 5 2 өн ox &b S о» д E] 
cos 2, яр чэ Sail am e > co чә "e 
3/28 |8 Зе | 28 ӘН, 8s Баа 
$ ов в 9 | о о "a няя я а 
^ es ој ея Salsa a8 ојна be] S 
ч е8 9 Sio g а ae ез = = 
G] Bm =a ксы ЧАС; ze dm d 
Б EL КЕ я Ta) ul] os $ 
С] а S Ө 2з Яз a ole Ө а 
Ж E Ya = 3 E 9 [7 $ 

a 8 aa) ae Bi 8 9 

4 A&IAS|* н Я 

b 2 
ач u-u UPLPLPS uv 
tm 2) се bec |a tn |v En 
=u [t™| em [ond (arai En in| f 
асела — 

om. cm. | om. cm. om. cm, 
1. 
3. 
3. 
4. 
b. 


the concave lens. The upper edge of the mirror is to be straight 
and horizontal. 


ORAL QUESTIONS 


What is the nature of the ima ; 
А Бе in a concaye Jens? What is the fnnction 
Е Plane mirror in this experiment ? Why do you avoid the parallax betwcer 
mage due to the plane mirror and that due to the lens? Can you apply * 


Magnifying Glass 


It an object TQ is placed withi 
; : in the focal length of a convex 
lens (Fig. 204), а virtual, erect and magnified image Hi seen by tbe 
®ye placed close behind the lens. 
Convex lens used іп this 
Manner is called a magnifying of 
Yeading glass. 


The apparent size of an object 
depends проп the angle subtended 
by the object at the eye of ihe 
observer. If the objech moves 
closer to the eye, the angle sub- 

Fig. 204 “tended increases and so the 
object appears larger. То every 
unaided eye there is a minimum distance at which an object appears 
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most distinct. This is known as the least distance of distinct vision. 
If th» object is brought still closer, the apparent sizə increases bub 
&he objeci bscamas indistinct: 

To sae the maguiüsd imago most clearly, tha object is to be 
placad at such а dissanca from tha leas that ibs virtual image is 
formad at sha {9435 distanca of distinct vision, the eye being placed 
vary near the leas. Lat OQ, Oz=v, D -leass distance of dis- 
tinet vision, f= focal length. 

D 


я d v 
Then magnification m=—=—. 
ш u 


Bat аз the image is virtual, v is positive and f of a conoave lens 
ds negalive,— 


: 1 1 1 v v D 
aS “== 0 =] +—=1+—, 
ТТТ whence ü H 7 1 
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To Determine the Magnifying Power of a Lens 


Theory—The ratio of the angle subtended to the eye by the 
image of an object at the least distance of distinob vision to the 
angle subtended to the eye by the object at the same distance, is 
silloi the апрп!аг magnification of the lens. If f denotes the focal 
fongth of a lens ani D the least distance of distinot vision then the 
magaification m is given. by 


D 
-142. 
fono 


Apparatus—A convex lens, а metre 
scale, one reciangular or square slit and 


vertical stand. 


Procedure—Placa а metre scale S 
on the table by the side of а vertical 
stand. (Fig. 205). ^ Fix tha leas holder 
Т, бо an adjustable clamp. Look аб the 
soie vertically down wards and examine 
from which height, you can see the 
graduations of the scale bəst without 
strainiag your eyes. This height D is 
the least distanca of distincs vision. 
Moasure tais height with another metre 


Fig, 205 


geale and clamp бле lens holder with the lans at this distanca from 
4he horizontal soale. For a normal eye, this distance would ba 
between 25 to 30 om. Placa a rectangular slit, about lom. long on 
auosher stand Oin batween the soale and’ the lens, so that the 
flength of fhe slib Is piraliel to the length of tha scalo. Now place 
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the eye very near the lens, adjust the height of the slit so that æ 
very clear image of the slit is observed. Use one eye to see the 
image while the other eye see the scale directly. The slit is found 
to cover a certain length of the scale. Measure this length with eye 
estimation. Take three readings of this length. 

Now measure the focal length of this lens by the plane mirror 
and pin method. Then compare with the usual formula for 
magnification, with the result obtained. 

Resul1s— 


Least Distance of Distinct Vision D- 25 cm. 


po 

Magni- 

fication | Percentage 
1 + Difference 


No. of Length | Length Magni- Focal 
readings of slit | of image | fication length 
a cm. b cm. bla fom. 


1. 
2. 
8. 


SSS a 

Discussions—The dietarce of the eye from the lens controls the: 
observed magnification. Hence the eye should be placed as near 
the lens as possible. A Preliminary test should be done to fix up 
the least distance of distinct vision which varies slightly with 
different persons, It would be found that distinctness of the image 


ircrenses, if besweeu the lens and the eye an Orcque sereen with 8 
small oirenlar hole ig interposed. 


ORAL QUESTIONS 


Define magnification of a le i 1 linear and 
angular magnification « What LAE is the distinotion between lin 


e leatt distance of distinct vision? Does 
nite with different persons 7 What is the reason that a myopic or hyper- 
etropio eye has its least distance of distinct vision changed ? 


Simple Telescopes 
In principle, an astronomical teletcore consists of two convex 


lenser,— one, called the ołjecti i d 
У , Jective h 1 lergih ап 
aperture and the other, called th dide Coe, 1 


length and aperture Th i jective i 
Ь e f ) Bg 
2 real, inverted and ОШ targeted e ТЕГ 


poring to convenience either at the lea’ 

Г On or at j it i ee 

Intermediate Physics Vol, Wr SERES Vk WA 
Chromatie Abe 


rration—In practice, if image 
: ‚ ЇЇ we produce a real imag 
of a white object, say, an electric lemp, Ь р 


TN k y a single convex lens and 
Iccclve it on a white fereen, then ro carefully exsminirg with & 
Magnifying glass the imege formed, we can okserve tke following 
phenomena,— 
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Tho edges of the image are fringed with colours of which red 
and blue predominate. The larger is the image or shorter is the 
fooal lenth of the lens, the more pronounced are the colours. The 
edge colours can be seen with naked eyes when the object, say а 
lamp, is placed near the focus of the lens, so that а large image of 
the lamp is projected on a distant wall. So we come to the conclu- 
sion from this fact that the image of в white cbject due to а 
convex lens does not appear to be an exact copy of the object, or 
the image suffers from a coloration effect. This defect is called the 
chromatic aberration of the lens and is due to two refracting 
surfaces of the lens acting as two sides of а prism which disperses 
white light into various colours, 


This chromatic defect of the image is naturally smaller in a 
convex lens of larger focal length. To verify this effech, concentrate the 
light from a distant electric lamp to a sharp image firsb by means 
of a convex lens of focal length. say 30 om. and examine the image’ 
by a moderately good magnifying glass. Then focus the image of 
fhe same lamp by another convex lens of say, 10 om. focal length: 
and examine the image in а similar way. The coloration in the 
labter cass is more prominent. So any single convex lens would 
have this chromatic defect more or less. Such a single lens used 
as the objective of a telescope and turned towards a star would 
distort the image by undesirable colorations. Now two ienses, one 
covex of shorter focal length and of crown glass and another concave 
lens of longer focal length and of flint glass, may be combined to- 
gether so that the chromatic defect of one may be compensated by the 
other. The combination remains as a convex lens and is free from 
chromatic aberration. This is called an achromatic ccmbination and 
ig used in all types of telescopes and other optical instruments. 
To verify this, fit up a telescope objective on an optical bench and 
get a sharp image of в distant white object. Examine the image 
with an eye-piece carefully. You would find very little coloration 
of the image. (For details vide Basu & Chabterjee's Intermediate 


Physics, Light. Chap. VII). 


Spherical Aberration—If we use в convex lens of a large 
aperture to produce an image of в point surce of light, the image 
is no where a point. The best image is & small illuminated disc. 
This defecb in &he image formation of lenses is called spherical aberra- 
tion. The distortion of the image is due the fact that in case of & 
lens, its different parts relative to its centre have got slightly different 
fooal lengths. When light from a point object is refracted through 
the lens, the different parts of the lens bring the images to different 
points affecting the clarity of the image formed. Fora convev lens, 
considering different circular annular zones on its surface, the focal 
length becomes shorter and shorter as wa move to outer zones, 
This defect in image formation овп be minimised by placing an 
opaque screen with в small circular hole in front of the lens, Such 


a soreen is called а stop, the function of which is to reduce the 
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refraciing zone of the lens. Light is then refracted by the central 
portion of the lens and such distortion of the image is reduced to & 
very small amount so as to be imperceptible. 


To demonstrate this defect, place а convex lens in its holder on 
the stand of an optical bench. Fit пра screen with an adjustable 
round slit, called an iris diaphragm, just in front of the lens. Now 
take a metal plate with a round hole about quarter inch in diameter 
On another stand and illuminate this hole by some strong coloured 
light. Get the real image of this aperture on a white screen. With 
the aperture of the diaphragm wide open, you ran clearly observe 
tha distortion at the edge of the image. Now gradually reduce 
the size of the aperture. Now you would see that the image 
is becoming leis bright but more well defined. 


The spherical abarration increases very rapidly with lenses of 
shorter focal lengths. Oonsegently, the larger is the magnifying 
power of a lens. the larger is the distortion of the image due to 
spherical aberration. In astronomical telescopes, the magnification 
of the еув-ріесе is to be made large, usually between 10 and 20, 
and во the spherical aberration in the eye-piece cannot be reduced 
to an inappreoiable degree by в single lens and a stop. Usually two 
lenses, each one a plano-convex of some definite focal lengths and 
Placed аб воще, definite distances, Serve the purpose of ап 
eye-piece.’ Such eye-pieces are designed to have minimum effeots 
of spherical and chromatic aberrations, 
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To Study tha Principle of an Astronomical Telescope 

Theory—Two Convex lenses of fooal lengths F and f, placed 
Go-axially ab an approximate distance F+f from each other, show 
the Principle of a telescope, The convez lens of larger focal length 
is the objaotive and the other one is the eye-piece and the overall 
magnification for incident Parallel rays is Fff. 

Apparatus—One convex 1 
of & diamster of about 10 c 
5 to 10 om. and almost of the в 


aperture (an iris diaphragm), E d gs 
an optical bench with 5 ао Set ring fitted with cross-wirer, 


Procedure—Place the lens L 
i ОЁ larger focal length in a ring 
holder and mount it on a stand almost at the ae of atbenoh 
(Big 200), hee ee ШҮ, незада stand for tho present and fx 
ра pin on Ti and a t : 
Stand about 50 бо 60 em., ind (jo, height ав the lens, Now 


t ; behind the lens and look through the 
lens to a distant object, say ^ tree, through the window a the 
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daboratory. An inverted real image of the object would be seen. 
Now shift the position of the pin and make it coincident with the 
image by removing parallax. The pin very approximately coincides 
with the focal plane of the lens. 


Now clamp both the stands to the optical bench and replace 
the pin of the second stand by the ring S carrying the cross-wires. 
Mount the lens of the shorter focal length to the third stand at the 
same height as the ring. Then gradually slide back this lens with 
your eyes close bshind 18 until a very clear magnified image of the 
Oross-wires is seen. At thig position you would also Бе able to see 
‘he inverted image of the 
distant tree, Slightly move A oleas) jg 
this lens backward or 2 2 T ex 
forward and permanently 
set it for the position at 
which the image of the 
"ree is sharpest. Then 
slightly reset the position 
of the  oross-wires re- 
moving the parallax be- Fig. 206 
tween it and the image. 

Now the image and the oross-wires are very nearly at the focal plane 


of the objective. 


Then mount the-round aperture В on the fourth stand and 
place it very near the eye-piece and look through the aperbure. 
You would see through it the clear image of the cross-wires and the 
tree ab the central part with a hazy background all round it. 
This is due to the fact that the field of view here is larger than 
the area over which the image has been cast. Now slowly shift 
the position of the aperture and at the same time look through it. 
You would see that the field of view is gradually growing smaller 
and the hazy parts are vanishing continuously. At а certain 
position of the aperture, the field of view has entirely covered the 
image area and the image appears brilliant. This is really the field 
of view that is wanted in а telescope and a small aperture is placed 
in this position which is called the eye-ring. 

Observe the image carefully through the eye-ring. The edges of 
the field of view appear fainter and coloured and any image formed 
near the edge appears slightiy curved. Now fit up the iris diaph- 
ragm on the third stand just in front of the eye-piece and slowly 
lessen the aperture of the iris-diaphragm. Observe bnat field of 
view is growing smaller, the image as a whole is growing more 
distinct and less curved, Hence by lessening the effective aperture 
‘of the eye-piece, the effect of spherical aberration can be minimised. 

Observe through the eye-ring and adjust the position of the 
of the eye-piece. Repeat the observation three times and measure 
this distance. Lastly dismantle the arrangement and measure by 
any method the focal lengths of the objective and the eye-piece, 
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Results— 
Distance 
No. of between Focal length | Focal iength Magnifica- 
ferdin T objective ot objective of Eyepiece tion 
B and p y. Fif 
Eyepiece 
om. om. om. 
1. 
2., 
3. 


Diseussions —All the different Parts composing the telescope 
must be placed co-axial to have the desired effect, The oross-wireB 
should be made of unspun silk thread and should be as thin 88 
Possible. The magnification of a telescope for infinitely large dis 
tance is E/f, but for nearer object it is greater. 
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To Study the Principle of a Galilean Telescope 
(Opera Glass) 


, Theory—One convex lens of focal length F, gerving as the 
objective placed Cc-axially with another concave lens. of focal 
length f, serving as the eye-piece and placed at an spprosimate 
distance F-f, constitutes а Galilean telescope of magnification F/f. 


Apparatus—One convex lens of 30 to 40 сш. focal length, one 


concave lens of 10 om. i E 
Корер focal length. one iris diaphragm, opt 


lens on the first stand of the 
your eye at abou& half à metre from the 


Im is evidently the focal Plane of the lens. Measure the distance 
the pin, which is the focal length 


Read the position of 
pin and remove it. Mount 
the concave lens Ls Оп & 
third stand and make the 
height of the two lense? 
same (Fig. 207). Now 
place the concave lens 
J or 3 cm. away from tbe 

position of the pin on the 
Fig. 207 ae of the poner leni 
k ace i ovr 
stand and again remove the Parallax Бане En ае final 


yeu тл) 
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real image through the concave lens of the distant object. Then 
with referenca бо tha concave lens, tha object distance is the 
diffarsnee of readings of the position of th original pin, thas is the 
focal plane of the convex lens and the position of the concave lens. 
The objach bsfora fhe concave lens being the real image due to the 
convex lens, is called the virtual објасі and the object distance 
is taken to bs negative. The image distance is that between the 
concave lens and the pin. Then from the formula for virtual object 
dus to concave lens calculate the focal length. Take two or three 
reajilngs for the object and image distances and hence find the mean. 
focal length of the concave lene. 


Now place the concave lens within the focal length of the con-- 
vex lens so thai the fooal planes of both the lenses coincide and 
observe through the concave lens. An erect imsge of a distant 
object is seen through the combination when eye is relaxed. This 
proves that the length of the telescope so formed is F—f. For 
clearest vision the eye-piece is to be shifted a few millimetres 
towards the convex lens when the final image is formed a$ the least 
distance of distinct vision. See that for any porition of the cross-- 
wires on the optical bench. it does поб come in focus. Therefore, 
such a fslescope cannot bə fitted with cross-wires- Observe also 
thaj the field of view in this case is smaller than that of the artro-- 
nomical telescope. This is because the field of view is formed in а 
divergent beam from the eye-cieca. For в very cledr vision an 


No. of Dirtance between | Fooal length | Focal length Magnifica- 
ai 9 Objective and of of tion 
UCET] Bye-piece Objective Eyepiece Fif 


eye-ring is to be fitted just behind Le. To minimise spherical 
aberration an iris-diaphragm is to be put between Le and L4. 


Discussions—All the components of the telercops should be 
placed co-axial. A disadvantage of this type of telescope is that 
the field of viow is small. Hence a prism bfnocular is more preferable 
to а Galilean form of telescope. A cross-wire cannot ba fitted with ib, 


ORAL QUESTIONS 


What is the use of a telescope? What are the functions of the objective 
and the еуе-рієсе ?. Why is the focal length of the objective made larger than 
that of the eye-pice? What would happen if the positions of the lenses are 
interchanged ? What is the function of the cross-wires and where is it placed ? 
What is the field of view and ороп what factors does it depend? Why do you 
see a bluish tinge at the edge of the field of view and how can it be corrected 
for? What is spherical aberration of the image and how can it be minimiced 
in your telescope ? Oomp:sre the advantages and disadvantages of the astro. 
nomical and Galilean telescope. 
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Compound Microscope 


Аз the purpose of a compound microscope is to magaify втовШу 
a small object, this magnification is done by two instalments The 
objəct is placed a little bayond the fozal plane of the objactive lens. 
80 that an inverüsd real and largo image is formed on the other side 
of the loas at а considerable distance from it. The image dist snce 
bəiag many tinas larger than the object distance. the magalfication 
vof this image is coaaiderable, In a good microscope this magaifioa 
“йол may be as high as 40 to 50. The focal langth of the objective 
lens in such a case аз 1 om or even less, The image due to the 
objective is formed just within the focal length of the вуе-ріесе, 80 
that а magnified virtual image of this image is formed on the sane 
sida of this lens, This second magnification may be 8 to 10 во 
that the over-all magnification of a very good microscope is 400 to 
-500. The magnification or ordinary laboratory microscope is les 
than 100. In general the shorter ia the focal length of the objec- 
‘tive, the larger is the magnifying power of the microscope. (For 
the principle and working of a microscope. vide Basu and Ohatter- 
jee's Intermediate Physios. Vol. II. Light Chap. VI.) 


Now. it a single convex lens of focal length 1 om. or less be 
used as the objsctive of the microscope, tha lens would show defects 
~of the image in form of colours (chromatic aberration) and 018 
tortion ( spherical aberration) to such a degree that ib would be 
‘Of no advantage to magnify the image. For this reason the abjact- 
tive is made of & nambar of lenaea of di 
-of different fooal lengths, 


The eye-piecə of a microscope is like that of telescope except 
hat a greater care i; made for its Construction to minimise OT 


eliminate the effects of chromatic ani sheriga] aborration if present 
‘dn the image due to objective. 
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To Study the Principle of a Compound Microscope 


‘compound microscope. If & small obj 
“from the objective, then the magnific: 
"least distance of distinct vision D 
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v DIE f. D 
zF) u-f (1+ = 
where v is the image distance from the objective. 
uf, DE 
-f D+F 
Apparatus—One convex lens of focal length 5 cm., another 
convex lens of focal length iO cm., an iris diayhragm, one round 


aperture of diameter 5 to 10 mm., а small object such ss a pin point, 
ring with cross-wires, в vertical stand with 5 adjustable clamps. 


The distance between the two lenses is 


Procedure— Roughly determine the focal length of the two lenses. 
supplied to you by holding them sgainst the sun or a distant object 
and receiving the image on a piece of paper. The distance from 
the lens to the paper gives in each case an approximate focal length.. 
Put a small object О on a piece of paper and place it cn the base 
of the stand and mount the convex lens of shorter focel length on. 
the second stand. Now adjust the position of this Jens such that 
the distance between these two is about 1 cm. greater than the 
focal lenth of the lene. Observe from a height on the otber side of: 
the lens when an inverted magnified image ie seen. Hix on a third 
stand the ring with cross-hair at such а position that there is no: 
parallel between imege of the object and this one. бо this is the: 
position of the image. Now measure the object distence w snd the: 
corresponding image distance v. 


Then place the iris diaphragm on this stand juet behind the: 
ring with its aperture wide open. Mount the convex lens of lerger- 
focal length on the 4th stand and adjust its distance ro that the 
crors-hair appears dittinct and magnified. The image of the object 
also ab this position appears magnified. A slight readjustment of 
the position of ‘the cross-hair may be necessary to remove the- 
parallax between it ard the image. Place the eye ring В on the 
Dth stand and edjust its position with eye close VAN 
behind it so that the image covers the field cf view. 2 
The image looks very distinct but the ecges of the 
image appear slightly curved. Tbis is due to the 
spherical aberration of the lenses. Now shorten the 
aperture of the iris diaphragm when the distortion 
of the image becomes less. Illuminate the object 
strongly with white light, when the edges of the image 
appear colovred. This is cue due to chromatic 
abernation. 


Now take out the object glass. iris diaphragm 
and the eye-ring. Remove the cross bair to the 
stand carrying the eye-ting, With the help of the > 
pin as the object and cross-halr as the image soreen. 2 
find by conjugate foci method _the focal length of E 
the eyc-lens, in a manner вв given by Expt, 97. Fig, 208 
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Least distance of Distinct Vision D= 


Object dis- | Image dis- Focal | Magoifica- | Magnifica- | Over all 


$8 tance from | tance from | length of tion ot tion of Magnifica- 

55| Objective Objective Eyeplece Objective Eyepiece tion 

а8 и v F vlu De! (: 4D- 
F u F 


SE 
| 


Discussions— The game as in peceding Expl. 
iPhotometry 


The Apparatus by which а comparison o! brightnesses of two 
‘sources of light is made is called a Photometer. 


The intensity of illumination or simply illumination at any point 

‘of a surface is the amount of light falling in one second on unit 
area round the point, For a given surface, the intensity of illumi- 
nation depends upon the inolination of the rays illaminating the 
surfage, The foot-oandle is the practical unit of intensity or illumi- 
ation and is measured by the amount of light faling on a unit 
М Ite surface of a sphere of one foot radius due to standard candle 
murning at its cantre. Sometimes the brightness of а surface i8 
iure in terms of a lumen which is the quantity of light failing 
rays pun i ^ square foot of white surface placed normal to the 
tiherefi SUD distance of one foot from a standard candle; 

re one foot-candle is one lumen per square foot, 


The b of а source of li 
) ght apparently depends upon the 
в 0 light nergy entering the eye per second from the source 
s Oe Y 13 Proportional to the amount of light ыг! 
i que y Ource per second. The luminous intensity or she 
fale stating power of в souroo of light is the quantity of light that 
nd оп а unit surface placed at a unit distance from 
t falling Perpendicularly on the surface. The candle 
expressed, Tt unit in which the illuminating power of a source i8 
Monroe ‘of. ii tie the ratio of iluminous intensity of a given 
candle ОЧА S He that of a standard candle. The standard 
"weighing віх irae of  spermacati wax % inch in diameter. 
Per hour. The la rouna and burning at the rate of 120 graing 
found to ohan “all 108 intensity of such a standard candle 18 
factors. I6 ig Ет É d With the length of the wick and other 
SE h W Teplaced by the Vernon Hercour& pentance lamp» 
аз а luminous intensity of 10 times the standard candle 


when it burns in ai ini : 
vapour. 8 in air at 760 mm, pressure containing 0'8% water 
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When the source of light is an extended опе, every point of the 
surface acts ав an independent source of light. The intrinsic lumi- 
nomisity or brightness of such a surface is defined to be the candle 
power per unit area of the surface. 


Principle of Photometry 

It two sources of illuminating powers P; and Pg paoduce as 
equal intensity of illnminations at two adjacent portions on a screen 
and if the distances of the sources from the screen be dı and d; 
respectively, then 

Pidi" 
det whence P da 

Hence the illuminating powers of two sources are directly 
Proportional bo the squares of their distance from the screen ab 
which they separately produce the same intensify of illumination. 

It should be noted that the sources to be examined should emib 
light of a similar colour for a direct comparison of intensity to be 
possible. A lamp giving blue illumination cannot be directly com- 
pared with another lamp giving red light. ы 
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To Compare the Candle Powers of two Lamps 
by Випвеп'в Greased spot Photometer 


Тһеогу —1 two lights of candle powers Li and Le at distancea 
d, and da from a greased spot screen produce equal illumination on 


the screen, then 


Apparatus—A Bunsen's photometer and two sources of light. 


A Bunsen's photometer consists of a long and uniform horizontal 
bed having a scale on one side resembling an optical bench (Fig. 203), 
There are three vertioal stands which can side over the bench. The 
middle one carries D 4 
ап upright provided = 8 8 (Q-—--— А А js 
with a ring ab its ў T 
top. Tne ring carries 
a sheet of white 


unglazed paper with i ~ 
ai oil D Prensa ECPPPPEBNS ШШШ 


gpob near about its 
middle. The two 
sources of light, Fig. 203—Bunsen’s Photometer 

whose illuminations are to be compared, are placed оро 

stande of the bench, роп two other 
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Procedure—Place the two lempa on the photometer stands and 
adjust them to be in-line with the greased spot. Each light produces’ 
its illumination on one side of the spot. Now observe the greased 
spot If the brightness on the two sides be unequal then lcoking 
from the side of greater brightness the spot will appear to be 
shaded. Now sbift the middle stard to а particular position where 
the greased spot appears to be least visible. Both the sides of the 
spob are then equally illuminated. Measure the distances dı and ds 
of the lamp stands from the middle stand. For а given position 
of one lamp, read to positions of the other lamp viz., when it is 
approaching and when receding, The mean of the two readings 


gives the true position of this lamp. Take three or four sets of 
readings, 


Results— 


No. of 
observae 
tions 


Position | Position | Length | Position| Length à 
of L, | of screen d, oi La T Mean 


64 184 170 626 
184 


Discussions— The lamps to be compared should be suoh that the 


rabio of the candle powers be not very large or too small, because 
when d, and da are very 


] much unequal а small error in measuring 
ET one of them introduces a large error in determining their 
Tabio, 
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To Compare the Candle powers of iwo Sources 
by Rumford’s Photometer 


Theory—1t à and d, bs the ài а 
powers D, and p eee з Də the distances of two sources o 


4 П an opaque ] illumi- 
nation upon it, thon Paque screen producing an equal 


Da da? 
Li d? 


Apparatus—Rumford's- 


1 photometer, a metre seale and two 
Sources of light. k: ә 


А Rumford’s photometer consists of a long horizontal table ОП 


| 
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which a vertical wooden board is placed (Fig. 210). On the front 


51 


ССО 


N 


Fig. 210 


face of the board a piece of white paper is pasted. Just in front 
of the board an opaque rod is placed vertically. 


Procedure—The two sources of light are placed on the table 
во as to throw two images (shown by shaded parts) of the rod 
side by side on the paper screen. It is evident from the Fig. 910 
that the shadow of the rod cast by the light of candle power La, is 
illuminated by the light of power Li and vice versa. The two lights 
are so adjusted that the two shadows are equally illuminated. For 
the success of the experiment, the two shadows should be as near 
to each other as possible, The intensity of illumination for both 
the lights on the screen is, therefore, equal. The distances dı and da 
are measured with a metre scle, A number of readings for both d; 
and dq is taken and the ratio of d,? to ds? is calculated in each case. 


Results— 


No. of Distance d, Mean | Distance] di* 
ОБ таз. m. fen Беарн d, d, d,’ Mean 
tions Approaching Receding 
ош: om. em. em. 
КҮ “Тв. ?” 96:8 6'6 52'6 1'6 
а, ban sis Hi 1'6 
3, 


4, 


eee 
Discussions—The same as the preceding experiment. The 
source La supplied is a 20 OP. electric lamp, Hence Ly has gob 
a canila power 1'6 times larger ie, 32 C.P. 
ORAL QUESTIONS 


Define Intensity of illumination and illuminating pcwer. What is the unit 
of illuminating power? What is the general principle upon which a comparison 
of illumination of two sources depends? What is the idea bebind a greased spot 
or a Bunsen's photometer ? What is the function of the stick before the soreen 
in Rumtorá's photometer ? Is it essential that the scurces to be compared should 
be placed almost со-ахіаПу ? 


P.P./—20 


CHAPTER VI 
EXPERIMENTS ON SOUND 


In some musical instruments such as clarionet, fluto, etc, each 
containing a hollow pipe, notes are produced due to she stationary 
vibration of air column within the hollow pipe provided. Bach 
instrument has got citheralip or a reed at one end and when air 
is forced through bhis end by blowing, some sort of air vibration 
is sot up here. Such a vibration passes through the hollow of 
the instrument to the other end and is successively reflected baok. 
These two systems of waves are superposed and stationary waves 
80 produced generate ani maintain the sound. 


When stationary waves are produced in a medium, certain 
equidistant parts of i& are thrown into Vibration having greatest 
amplitude. These places are called anti-nodes. There are other equi- 
distant points placed exactly midway between any two anti-nodes where 
there is no vibration. These points are called nodes. The distance 
between any two consecutive nodes or antinodes is half the wave 
length of the waves producing Stationary vibrations, Any periodic 
vibration in air is longitudinal in character. A stationary longi* 
tudinal vibration consists of regions of greatest and least variation 
of pressure аб nodes ani antinodes respectively. Tho existence of 
such regions can ba experimentally demonstrated by & manometric 


flame (vide Basu & Ohatterjee, Int ji i à 
REN i ntermediate Physics, Sound, 


When stationary transverse Waves are produced in a string 
stretched between two Pointe, it is divided into a number of vibrat 
ing segments or loops which are actually seen. Nodes and anti- 
quidistant from each other, If the 
onsecutive nodes or antinodes be 
h of any component wave of the 
9m. Further if the frequency of 
18 л cycles per teo, then since wave 
ave length and frequency, the velo- 
forming the stationary wave system 
Per seo, If the wave length is expressed 
is given in ft. per sec. 


Pipe Open at both Ends 
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where V із the velocity of the wave. This frequency is called the 
fundamental бопе of open pipe. In facs when a pipe is blown strongly 
a mixed tone is produced, which consists of the fundamental n and 
а few other tones of higher frequencies, In the case of a pipe open 
at both ends the higher tones have got the frequencies 25, 3n, 4n. 
ete, п being the frequency of the fundamental tone, 


Pipe Closed at one End 


When air column vibrates in reaonanoe within a pipe closed at 
one end, the open and the closed ends are always seats of antinode 
and node respectively. Tae simplest case of vibration is that tho 
pipe containing only one antinode and one node, It J is the length of 
the pips it is evident that this is the distance between a node and 


the next antinode. Therefore 1-5 where A7 wave-longth of the 
constituent wave, 


oo R= 


4l 
Since V =л2 and 44i 


The note having such a frequency is called the fundamental 
tone. When strongly blown the higher tones of such а closed pipe 
are Зл, бл, 7n. eto. 


Open End Correction 

Rayleigh showed that the seat of an antinode ia a sbationary 
vibration of a pipe is not exactly at its open end butit is always a 
bit outside the open end. The wider is the pipe. the more displaced 
is the antinode from the open end. This is due to the sound waves 
spreading out from the mouth of the pipe and is due to a pheno- 
menon known -as diffraction of sound waves. According to Ray- 
leigh, the distance between tbe actual position of the antinode 
and the closed end for fundamental tone is 1+ '3d=A/4. 
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To Datermine the Velocity of Sound by Resonance 
Air Column Method 


Theory—If 1 be the depth of the water level within a pipe ab 
whioh first resonance occurs with a source of known frequency 2 
and if d be the diameter of the resonance pipe. then 

д=4 (1+ 34) whence V=4n (1+ "34) 

Apparatus—A resonance air column and а tuning fork. 


A resonance air column consists of a tall glass jar almost filled 
with water (Fig. 211). A glass pipa oan be olamped vertically over 
the jar at any position so that the length of exposed column can 
de altered, 
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Procedure— Keep the glass pipe almost vertically Hau 
in water and strike tuning fork of known frequercy against a pa 
and hold іб just above tre glass tube. Now 
slowly raise the glass tube vertically and 
when the sound of the turing fork dies away» 
strike ib again and hold it similarly. You 
would get a position of the tube when & 
magnified round of tuning fork is heard, Now 
accurately adjust the height of the tube when 
you hear the loudest sound. Olamp the pipe 
there and measure with a metre soale E 
length of the air column from the water leve 
L to the top of glass tube E. Raise the tube 
8 bit higher and slowly and slowly as jou 
lower it, find again the resonance length in & 
similar way. The mean of these two readings 
would give the required length. Take ® 
number of such readings and find the mean 
value. With a callipers measure the interne] 
diameter of the pipe ab 9 or 8 positions and 
find the mean diameter. 


Results—Frequency of the tuning fork = 


384 per sec. 
Diameter of the tube=(i) 3'8 (i) 3'8 (ii) 3'8 om. 


-. Mean Diameter =3'80 om. 
Temperature of the Laboratory = 30?C 


Fig. 211 


GE Length cf the air column Min Wave length! тоу 
vations mn Th 
Perera —|| , length (1+0'6d) 
Tubo raised [Tube lowered 
om. em. om. pietre 
12 216 рес вас 
3 EI | 21'8 917 350 


Y Corresponds to the tempe- 
which is 3070. Alco air within the 
ater vapour. These two corrections 


can be made a und in dry air and at 0°0 oan be 


calculated out. 


Temperature Correction. v Mies 
i ¢ and V, denote the velooitie 
of sound at {°0 and ОС respectively, then it can be shown that 
Ve = (1+ "00183 
Hence knowing V; and t, V, may Ь d [E 
‘ceding experiment V, =350 metres seo, maa а aaa 
^. 850=V,(1+°00183 x 30) 
whence Vo=332 metres per secord. 
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Elimination of Ead effect—In equation 4=4(7+°3d), the factor 
*8d is called the end correction. Аб the mouth of the pipe the 
form of the sound wave undergoes a modification and consequently 
hi3 correction is necessary. But sincs this factor depends upon 
the relative condition of air and the diameter of the pipe, it is 
rather uncertain and ib should better bs eliminated. 

If the end correction be c and if the first resonance occurs вё a 


length lı of the pipe, then 
fce 


Then the tube is raised still higher to get the 
positioa of resoaance. If this length of the pipe 
be la then 

Я 32 


Tai с 


From the two equationg fel -l 
whence 4=2(la — l1) 
Hence V=2n(la – 4) 1), 


Modified Apparatus—A long resonanca column 
with a m3chanioal water leval adjuster is necessary 
to eliminate the end effect. The apparatus consists 
of a glass or a metal pipe P about 5 ft. in length 
rigidly fixed to а vertical stand (Fig. 219). An 
watar reservoir T slides over а rod or а groove 
and it may bo fixed at any height of the stand. 
A rubber tubing is connected to the water reservoir 
ani lowar end of the pipe, If the reservoir is 
raisad, tha water in sosking ita own level, would 
rlso within the pipe. By this arrangement, the Fig. 919 
lang&h of the air colamn within the pips can be 
adjasted to any value. In сазе of məbal pipe, serving as the 
төзопапоә column, a na'rower glass pipe G connested to the base, 
is attached parallel to the metal pipe to facilitate observation of the 
water head. A metre soale S is fixed along side the resonance 
column to read the length 0: the air colamn directly. 

To starb the experiment, the reservoir is raised to the topmost 
position, The tuning fork of frequency л is struck and held at the 
mouth of the pipe. Then the reservoir is slowly lowered. At some 
position, the resonance is heard. The experiment is done with due 
oara ani tha water level із real аз accurately as possible аб the firat 
resonance point. Tais reading is taken a number of times by 
inoceaiing or decreasing bho Isngth of air column. Let the mean 
Jangth of the air coluna ba lı em, The water reservoir is then 
fachhar loweral. till а seo2n1 resonance poiat is obtained and here 
lio а nunbar of readings is taken, Lot the moan length of the air 
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column ba la cm, Then knowing Je, lı and m, the velocity of sound 
V, af’ the temperature of the room and at the saturated vapour 


pressure corresponding to the temosrature, is found. The velocity 
of sound may be reduced at N,T,P. 


ORAL QUESTIONS 


How is the vibratlon of air column started and maintained within the tubo? 
Di: 


istinguish between a node and an antinode. What is the difference between 
A longitudinal and a transverse wave? What type of wave is a sound wave in 


air? Give the points of difference between progressive wave and stationary 
waye, 


Vibration of Strings 


A piece of string or wire stretched between two fixed points ie 


capable of either longltudinal or transverse vibrations, In oither 
of the cases Statioaary waves are generated in the wire due to 
taflaction of the wave system from the fixed ends. When the wire 
is rabbad along its length with a piece of chamois leather or web 
cloth, longitudinal waves are Produced in if and the wire emits а 


shrill sound. If, on the other hand, it is plucked, struck or bowed 
аб any point the wira presents 


te is transverse in nature and it produces the 
characteristic sound, 


Tt can be shown from theoretical considerations that if T is the 
tension of the string, m the mass per unit length of the string avd 


is the wave length of the Waves generated in ib, then the fundamenta 
frequency л of the transverse vibration is given by the relation. 


ei 


A piece of wire can bo made to vibrate transversely into 9 
nabor of loops or Segments. Moat generally it is made to vibrate 
n One segment, in which cage the two fixed ends of the wire are 
тер ош lá добар and the middle poing forms antinode. In this 

e пле length ot the wire between $ 1 i ual 00 
half the wave length. If Zis asi poltto ne oq 


ə this length, =} d henoo the 
expression stated above simplifies to, аа 


aib 
"9 / " 

In fact the note emitted by a string is n le frequenoy 
as given by the expression, but it we kr itia iroquencies 
which are all multiples of л, called harmonics. The lowest frequenoy 
of the series of tones is n, which is called the fundamental Harmo- 
nies are much fainter than the fundamental. The note that we bear 
from a vibrating string is due to the blending of the fundamental 
and higher harmonics. Sounds of the same pitch are distinguished 
from each other due to the presence and intensity of harmonics im 
different proportions. 
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Determination of Pitch of а Sound 


The pitch of а musical note is a measure of its acuteness. It 
may ba veriüad from sources of sound of variable frequency. The 
higher із the frequency, the more acate is the sound. From this 
we conclude that pitch of a sound dépends upon its frequency. 
(Vide Baza & Oaatterjse s Intermediate Physics, Sound. Ohapter VII). 

Fron what із stated above, it follows that two sources emitbing 
sounds of the same pitch have got the same fundamental frequency. 
This is one of the mathods of determining frequency of a source, A 
source B of constant frequency is made to produce a sound and 
another sourca О whose frequency can be varied, is sounded before 
ib. By trial the frequency of C is so made that the two sounds 
appear to be of the same pitch. If now the frequency of О can 
ba found, the frequency of B is known. 

The source of variable frequency is generally a piece of wire 
stretched between two points. By altering the length of vibrating 
eegment or by changing the tension of the wire, the note emitted 
by the string can be tuned with the sound of a source. The fre- 
quency o! the wire can be found by knowing its vibrating length, 
tension and mass per unit length of the wire, 


Date— EXPERIMENT 111 


To Determine the Frequency of a Tuning Fork 
with a Sonometer х 


Тһеогу— а tuning fork be in resonance with a length 7 of 
the sonometer wire, having а tension T and of a mass per unit 
length m; then frequency л of the fork is given by the formula.— 

© lr 
2UN т 

Apparatus—A snometer, tuning fork, a sample wire, balance 
and a weight box. 

A sonometer consists of a rectangular hollow wooden board S 
provided with а metre scale at the top (Fig. 213), One or two 


Fig. 213— Sonometer 


metal wires have their one ends fixed to one or more pegs B while 
the other ends pass over pulleys P and are stretched by adjustable 
loads W. The slotted loads can be put upon в suitable pan and 
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thereby the amount of stretching can be adjusted. In some &pp&- 
ratus there are two piecas of wirea. one of which is stretched by 
aljussable loads and the other is stretched parallel to this wire 
and is fixed batween two Degi. Tae fixed wire is called the com- 
parison wire and is used tg verify jhe laws of transverse vibration 
of string:. There is а number of (Bin vertical wooden strips, -called 


Procedare—Suspend the weight-hanger of a known mass at the 
end of the experimental wire of the sonometer and place a load of 


striking it softly against a Suitabla pad, place it with the stem 
touching the board, A magnified sound of the tuning fork is beard 
Que to the forced Vibration of the hollow wooden board of the 


Sonometer. Now pluck with a finger the wire between the two 
bridges to produce а sound, 


he wire so as to Produce its note ; ab 


ake the two sounds appear identical- 


i ish can do this easily but others may 
сө feme preliminary Practice before they can МНК ап experi- 
throbbing offset оп the two notes sounded together produce 9 
very nearly alic 13 18 known аз beats, Then the two sounds arè 
that on pluokip Pd Dd Now adjust the length of the wire such 
ds me by striking the tuning 
At thig stage a small piece of 
Ө jumps as soon as the struck 
This is called the resonance 
Аб resonance the frequencies are equal. 


: ire between two bridges either ' 
Slightly ER d soale provided or with a Separate metre scale. 


got the mean value. О 
and multiply the number bey ORE 


.G.8. units, The Ori P ion due to gravity g in 
Unis. To find tho mse 1a. А? Valus of the tension TT tn absoluta 


£ sample wira 
Sensitive balance, The mass in вз di 

са i i i 
mM, Then from the formula fing or ей. by ite о 
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Resalts— 
(Details of determination of maes per unit Iength to be given,) 


‚Мо, Position | Position |Length of Mass of я 
Readings of first | of second| vibrating Tension unit length observes Я 
bridge | bridge | wire 2 of wire |‘"equency 3 
om. cm. cm. dynes per sec. 
1 20°0 441 241 3000 x 980 842 
p] а е 24 ЕА em 540 
1 802 561 25:9 8500 x 980 oe 843 348 
5 ў 3. 380 34i 


Discussions—The tuning fork should be made to touch the board 
softly while the paper rider is on the wire, otherwise the paper 
would fall down due to the jerk of mechanical impact. The gradual 
adjustment of the length of the sonometer string by eliminating the 
beat frequency at the resonance point is an accurate method and 
should be practised very often. The mass per unit length of the 
wire should ba very acsarately measured, since a small error in 
measuring this quantity introduces a large error in the determina- 
Sion of frequency, ` 


ORAL QUESTIONS 


What is the nature of vibration of a stretched string? Distinguish between 
transverse and longitudinal waves, Can yoa produce longitudinal vibration in 
а string? What shoald be the nature of pitch in such a case? State the laws 
Of transverse vibration in а stretchei string. What is the principle of tuning 
a cortain length of a string with a tuning fork? Why does a rider fly off 
when a tuning fork is placed near a reasonant auxiliary wire ? What is the effect of 
frequency on a violin string when (é) а wire is gradually tightened, (ii) a thicker 
wire is used in the place, (544) when the bowed segment is gradualiy shortened ?- 


Lawa of Transverse Vibration of Strings 


The fundamental tone of frequency n produced by the string is 
given by the expression, 


21 m 


where l=length of the vibrating segment, T=tension of the string 
and m=mass per unit length of the string. 

Since the factors l, T and m are all experimentally variable, 
^ will varg as each of them is altered in value, Hence we can 
state laws of transverse vibration of string in the following way.— 

(i) Law of Length—n«<1/l when T and m are constants ; 
bhat is the frequency of transverse vibration of a stretched string 
is inversely proportiona) to its vibrating length for the same or a 
similar string (for m to remain constant) under a constant stretch- 
ing force, 
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(i) Law of Tension—n« AT when 7 and m are "rss 
that is, the frequency of transverse vibration of a stretched si та 
is inversely proportional to the square root of its tension for a giv 
length of the same or similar string. 


(iit) Law of Mass—n<1/J/m when 1 and T are сопа 
that is. the frequency of transverse vibration of a stretched B P 
varies inversely as the square root of its mass per unit lergth 
a given length and tension of the string. 
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To verify the Law of Length in Transverse Vibration 
of a Stretched String 


Theory—The first law States that the frequency of taney 
vibration of a stretched string varies inversely as the length o 


vibrating segment for the came or a similar string under a given 
tension, 


That is n x + when T and m are constants 


or n X l= constant, 


Apparatus—A sonometer, a weight hanger and some weights: 
в metre scale, a number of tuning forke. 


D description of a sonometer as well as its figure may be give? 
here, 


Procedure—Stretch a suitable metal wire over the sonometer 
board and suspend a Weight hanger at its end, Роб a load of Prey 
2kgm. on the hanger so as to stretch 16. Mount two mova 
bridges on the board below the wire, 

Out of the seb of tuning forks 


, Ou supplied, take the one having 
the highest frequency. Strike it on 


Ompare the notes emitted by the string es 
the tuning fork, Now strike the fork from time to time and alien 
tho length of the wire by moviog any one bridge and at the sam 
time Pluck the wire, By repeated trials. make the two sounds 0 
equal pitch. When t 


By repeated trials, & po 
rown away just the moment 


struck tuning fork is Placed on the sonometer board. This is the 


visual method, 


8 solt pad and place ib on the, 


` 
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The audition method is as follows ; Strike the tuning fcrk and 
place it on the board, and at the same ‘ime pluck the string, 
Beats may heard when the sounds are nearly the same,  A6jnst 
the length of the wire and by repeated trials дей the poini when 
beats due to the tuning fork and string vanish. If the length be 
found бо be too short, the wire may be further stretched by addi- 
tional loads to secure satisfactory length of resonance. 

In a similar way get the resonant lengths of the string corres- 
ponding to all the tuning forks and tabulate the results. The 
product of frequency and the corresponding length is shown to be- 
constant which proves the first law. 


Results—The tension of the wire = 
pO —————— 
Length ot vibratirg segment 


Frequency 
No. of Frequency 
readings | 9 00108 | First | Second | Third | jr, | length 


readirg | reading | reading 


Diseursions— The product of frequency ard length is а con-- 
stant for a particular tension and a sample of wire. If the tension 
of the sonometer wire 1з changed, the value of the constant changes. 
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To Verify the law of Tension in Trensverse Vilratiou of Strings- 
Thecry—The law of tension states  tbab the frequency of 
transverse vibration of a stretched string varies directly as the 
square root of tension provided that the length of the vibrating. 
segment and mass per unib length of the string do not change, 


That is, n% 4/T if Z and m are constants. 


Apparatue—A sonometer, weight hanger, a set of loads, weight. 
box, a few tuning forke. 

Procedure—Oub of the set of tuning forks supplied, take the- 
one haying the maximum frequency. Oslculate the highest per- 
missible load from a knowledge of the moterial and cross-section 
of the sonometer wire (vide Experiment on Yourg's modulus) snd 
роб this load (including the weight of the weight hanger) to stretch 
the string. Then strike the tuning fork ard place it on the soro- 
meter board. Adjust the position of the bridges on the board to- 
produce resonance. Note the frequency of the tuning fork and 
the load at the end of the wire. 

Next take snother tunirg fork-of just lower frequency and 
tune ib with the sonomoter wire by altering the load keeping the. 
distance between the bridges rame. Take two observations for the. 
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load for the same tuning fork, when the load is gradally decreased 
from а higher value and wnen it is increased from a lower value. 
The mean of these readings gives the true load for that frequency. 

In this way, find the tensions corresponding the frequencies 
of all the forks supplied and tabulate tha results. Finally, show 


“that the ratio of m/./T is constant, T in each case being reduced 
to absolute units. 


Results — 


n e 


Load on String 


No. of | Freqnenoy 


Tension= -| Ratio 
readings | of Fork load load 


Mean load x g n[ NT 


decrea- | iacrea- 

sing sing | load 
——— 

gm. gm. | gm. dynes 
! 


er this condition is to be made better by beats method 
than by the paper rider, To show the constancy of the ratio 
“the tension of the string mast bə expressed in absolute units. 
Althongh by higher loads the length of the wirs iacreases very 
ПЕ the mass рег unis lenghh of the wire remains fairly 


ith the experimental wire 88 
196 the length of the vibrating 


Now the 
UI, without t 
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pluoked аб any point between the bridges and tuned with the 
auxiliary wire by altering the length of the vibrating segment. Let 
its length be l. | 

Since the tension of the auxiliary wire is constant, the frequency 
of the string for a vibrating segment of length 7 would be by first 
law al/l, wnich is say, лу. Sines frequency is resonant with the 
experimental wire under tension T4, then for second law to hold 
пі JT=n,//T,. A number of readings for n for various velues of 
T is taken and the results are tabulated in the following way,— 


No. of Tension | Fundamental | Altered length | Calculated 
s of expt, | length l of 1, of auxillary | frequency 
wire auxiliary wire wire nll, 


readings 


dynes om. 


The method has a better advantage over the previous one in as 
much as the auxiliary wire works as a source of variable frequency 
and hence changing the tension of the experimental wire by fixed 
loads is practicable for the verification of the law of tension. 


ORAL QUESTIONS 


What sort of vibration is executed by the sonometer wire? What are the 
characteristios of a stationary vibration? What is the effect ou sound pro¢uced 
if you decrease the length of the wire or decrease the tension of the wire? Why 
is the sonom:ter board made hollow? What are tho functions of the bridges on 
the board? What is the effect on sound if you use a thicker wire of the same 


material and under cqual tension? 
Date— EXPERIMENT 114 


To Verify the Law of Mess in Transverse Vibration of Strings 

Theory—The law of mass states that the frequency of trans- 
verse vibration of a string varies inversely as the square root of mass 
per unit length of the string provided that the length cf the vibrat- 
ing segment and tension of the string remain constant. 


That ie, na if Z and T are constants or m/m is a constant. 


Apparatus—A sonometer, one tuning fork and a few loads, and 
samples of wire. 

Procedure— Fit an auxiliary wire on the tonometer board under 
some reasonable tension between two pegs. Take a sample wire of 
the came specification, and measure its length, say L em. Find itg 
mass M in a balance, Hence mars per unit length of the wire ig 


found. 
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Then stretch the sample wire by some load and put two wooden 
‘bridges under the wire. With a tuning fork of known frequency Ж 
adjust the length of the wire resonant with it. Make also a known 
length of the auxiliary wire resonant with tuning fork. Let the 
length of the tuned part of the auxiliary wire be 2, Then find pro- 
duct of n/m. J 

Next take another sample wire and find its mass 7, per unit 
length in a similar way. Place it on the board under the same 
tension having an equal length between the bridges. Tune the note 
emitted by the string by adjusting the bridges of the auxiliary wire. 
If lı is the length of the vibratiog segment of the auxiliary Wire; 
then its fraquency is ni//4. which is, nı being the frequency of the 
experimental wire. Find the product of л, vmi. 

In this way a number of observations is repeated with different 
samples of wire under constant tension and length. The frequency 
and the mass per unit length in each case are determined and the 
results are tabulated, 


Resulta— 
-—. 
Total 
No. ot Length Mass Mass per ас Altered | Calculated | Product 
reading | of expt. ot unit length ot length of | frequency | nx Jm 
Nia wire | length aux, wire| 20%: Wire ШИЯ 
им. emi 
em. gm. gm./cm em, 5 . вес, 
: em, per. geo ei i 
2 
8 
4 
5 
— 
Discussiong— 


1 Direct verificasion of th is not possible 
without the auxiliary wire, since we pd sedo im B wire 
or tuning forks of a continuously variable maes or frequency. The 
accuracy of the method lies in measuring the mass per unit length 
of the wire and the frequency in any particular get of observation. 
Hence the frequency is to be determined by the method of beats. 
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Tie graphically the relation between Frequency and 
a stretched string under given tension and 


hence to find the f. 
requenc, ing fork 
Theory—The frequency o б Е 


БЕ Í transverse vibration n of a stretched 
ааа и ane varies inversely as the length 7 0 
tangular hyperbola, 8 nxl=oonstant, The graph is а rec 


Apparatus—A set of 5 or 6 tuni 
A uning f В, 
one tuning fork of unknown frequenoy. EE Dionem fredone a 
some loads and a metre scale, M Te 
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Procedure—Attach the weight hanger of known mass to the 
Sonometer string and put a load of 1 to 2 kgm. on it. Take the 
tuning fork of highest frequency and roughly determine the length 
of the string for which it may be tuned with the tuning fork accord- 
ing to the directions given in Expt. lil. If the length appears to 
be less than 14 or 15 cm., increase the load on the weight hanger 
until this length becomes 20 to 30 om, Ofcouree you must guard 
that the load does not stretch the wire beyond the limit of elasti- 
city (vide Expt, on Young's modulus). 


When proper load has been put, take the tuning fork of the 
lowest frequency and tune it by adjusting the length to the sono- 
meter wire, either by eliminating beats or by using а paper rider 
(vide Expt, 111), Measure the length of the wire by a metre scale. 
Take three such observations for this tuning fork and get the mean 
length of the wire. " 

Then take the tuning fork of next higher frequency and іп а 
similar way find the mean resonant length of the string for three 
observations, the load on the string remaining the same. In this 
way find the mean length corresponding to all the tuning forks of 
known frequencies. Lastly find the mean resonant length, under the 
ваше tension, of the tuning fork of unknown frequency. 


Resnlts—Similar to Expt, 111. Choose suitable units on a 
graph paper with frequency as absoissa and length of the vibrating 
segment as ordinate, and plob various values of n and 7 as found 
from the experiment. Find the mean length of the wire corresponding 
tothe unknown frequency of fork supplied. Refer to the graph and 


thence find out the frequency. 


Discussions—Tho same as Expt, 111. 


CHAPTER VII 


EXPERIMENTS ON MAGNETISM 
Magnets 


A magnet is metallic substance, 
(i) when dipped into 
filings at its two ends: 
to swing freely, 
north and souta. 


having two distinctive properties : 
iron filings, it picks up some quantity of 
(i) when suspended with a string во 88 
16 comes to rest with the same two ends pointing 


The most common types of artificial magnets used in the labora- 
tory are bar magnets, horse-shoe magnets and magnetic needles. 
Each magnet has got two poles ; the one pointing north is called the 
north pole and the other pointing south is the scuth pole. The 
pole i8 supposed to be one/point situated within the body of the magnet 
near each end from whioh the resultant force of attraction or repul- 
sion acts at end. The imaginary line passing through the two 
Poles of a magnet is called the magnetic amis. The distance between 


two poles measured a long the axis is called the equivalent length 
of а magnet, The у 


ertical plane passing through the axis of a freely 
suspended magnet is called the magnetic meridian, 


Laws of Magnetic Attraction and Repulsion 

On presenting north Pole of а magnet near the north pole of 
another suspended magnet, it is found that there is repulsion betwee? 
the poles. The Same thing happens when two south poles &re 
brought near each other, If however, a north pole is brought near 
е сеп HU Or à south near the north an attraction is observed: 

rom this it is concluded that li unlike po 

attract each other, ^ M Mle poles repel and un 


Methods of Magnetisation 
The act of infusing the i 
оо a Properties "of 


$ ™agnetisation, There are broadly two 
methods by which artificial = (i) by 
ДЫБЫ ana (ТЫ Шела magnets may be prepared—(i) 
method of rubbing is again subdi id ; thed 
Sis ond. (07 M Vided into three parts,—(;) met 
touch, For details of there methods 


to 
Basu & Chatterjeo's Intermediate Physic "a pea еде 
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Precautions to use a Magnet 


Students are particularly warned against roughly hardling a 
magnet which considerably weakens the strength of the magnet and 
may completely demagnetise it; e.g., heating a magnet in a burner, 
using the magnet as а hammer, violent jerkirg of the msgnet such 
as dropping it on the floor, placing two like poles of the megnets 
very near each other etc. 


A bar magnet left to itself is subject to a de-magnetising force 
which slowly weakens the pole-strength. Hence after finishing work 
with bar magnets, they are to be kept in pairs with opposite poles 
facing the same direction and with two pieces of iron in contact 
with the ends, Such an arrangement is known as magnetic keepers, 
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To Determine the Magnetic Meridian at a Place 


Theory—The vertical plane passing through the axis of a freely 

suspended magnet is oalled the magnetic meridian. 
(Compass needle method) 

Apparatus—A compass needle, drawing board and paper, two 
hair pins and some thread. 

Procodure—Fix а piece of drawing paper on a rectangular 
board. Place a compass needle at the central portion of the board. 
The needle should be about 5 ог б cm, long acd mounted on а 
vertioal pivot, ‘Take two hair pins and fix them vertically on the 
board. ‘Lie a piece of thread on the hair pins а little above the 
compass needle. Now rotate the board in such a way that on 
looking vertically the thread and the needle are in one line. Then 
the vertical plane passing through the thread is the magnetto 
meridian. The pins are then removed and their feet are joined by 
a straight pencil mark which gives the section of the meridian by 
the plane of the paper. 

Results—The line drawn on the drawing paper is the result 
obtained. 

Discussions—The piece of thread is stretched paralled to a 
magnetic needle with an eye- estimation and hence the methed ig 
approximate. Morveover tae magnetic pole of the needle may nob 
exactly coincide with the pointed ends of the needle, 


If there is any magnetic meterial near by, e.g., pieces of iron 
such as iron pipes, joists, window bar eto., the position of rest of the 
suspended needle may be affected and hence the apparent position 
of the magnetic meridian may alter considerably, 

(Bar magnet method) 

Apparatus—A bar magnet, unspun silk thread, vertical stand, 
drawing board, paper and a few fixing pins. 

Procedure— Fix в sheet of drawing paper on a rectangular 
board, Suspend the bar magnet horizontally on a suitable rider 

Р.Р./21 
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from the vertical ssand by means of unspun silk thread and place 
the stand on the paper. The euspended magnet should be close to 
‘the level of the paper. Take two short pieces of ‘straight copper wires 
and fix them verticaily at two diametrically opposite corners of the 
bar magnet with paraffin wax or glue. Each wire should project 
equally at the top and bottom of the magnet. 


When the freoly suspended magnet becomes stationary, mark 
two dots with a fine pencil on the paper just under the points of 
the wires. Turn the magnet upside down without disturbing the 
position of the stand. When the magnet becomes stationary ‘egal, 
mark two pencil dots just under the points of the wires. Join the 
‘two pairs of points by two straight lines, These straight lines 
would make an angle along the length of the magnes. Bisect the 
angle by geometrical method. The bisector of this angle is the ахів. 
of the suspended magnet. The vertical plano passing tbrough the 
bisector gives the magnetic meridian. 

Result—Tho line drawn on the paper is the resulb obtained. 


Discussions—There should not be any torsion of the suspension 


thread as otherwise the axis of the magnet will not be parallel to 
the magnetic meridian. 


ORAL QUESTIONS 


What is called the pole of a magnet? 1 i Is mag“ 
netic meridian a fixed pl. Bnet? Define magnetic meridian, 


Magnetic Lines of Force 


If an isolated north pole bo i 


near a megnet, it will be influenced b of tho 
magnet ; north pole repelling i& реа st 


curved path from the north to the 
b represents the path of motion 0 
field is called a lino of force. 
ned to be a continuous curve in ® 
ent at any point of it represents 
Noa ow ensity at the point. 

| _ Pole is поб practica i com 
Sus PEE in a field, Mie zie MN the EA ut 

ө urgad in the direction of the lina off i e 28 
the reverse direction, Consequently, the ceil tthe TAR ч 
such a position that lis magnetic axis bacames a tangent to #06 
line of foreo passing through the axis of rotation. Tf HS needle 
Сау short wo mày say, that bhe needle Tornale che wae Ш 
forces passing through its centre, (gr aceite. ^ 


EXPERIMENTS ON MAGNETISM 323 


Date— EXPZRIMENT 117 


To Trace the Lines cf force due to a Bar Magnet and 
to find Neutral Points 


Thesry—A line of force in magnetic field is а curve such that 
the tangent at any point to i$ represents the resultant field at that 
point, The axis of a very short and freely suspended compass 
needle, placed anywhere in a magnetic field, gives the position of a 
dine of force at that region. 

A neutral point in a magnetic field is that point where the 
resultant magnetic field is лето. Hence а sufficiently short mag- 
netio needle placed at this point will nob be influenced by the field 
and may take up any position of rest. 


Apparatus —A drawing board, paper fixing pins, some thread, 
а bar magnet and a short compas: needle. 


Procedure —Remove magnet and magnetic substance from the. 
table. (Fix a sheet of drawing paper on a board and place the bar 
magnet at the middle of the board and draw it; outline with a fine 
Pencil.) Nex remova the bar magnet to a distance and place the 
Compas3 needle upon the outline 
Of the magnet. Slowly rotate -0-9-0-9 
“the board until the longer edge „© `©) 
of the outline is parallel to the © S 
axis of the needle. Fix the (7) © 
board there by fixing pins, \ | 
Place the bar magnet upon the 6) Ө) 
board on its outlino according K.G..G.GCGGGKI|P M 
to the direction given (either 
north pole pointing north or Fig 215 


south pole pointing north) The  — З А? 
bar magnei has now been placed in the magnetic meridian. Now 


place the compass needle in contact with the north pole of the 
magnet, After the needle has become stationary, give two pencil 
dots marking the two ends of the needle, Toon shift the needle to 
a position such that the pencil doi which was formerly given against 
the north pole is now in contact with the south pole of the needle, 
Give another pencil dot as the north pole of the needle, Again 
shift the compass nsedle so that the last dot is now in contact with 
the south pole. In this way gradually shift the compass needle and 
plot poiats until the needle comes to the south pole of the bar 
magnet: The gradual change of inclination of the compass needle 
as it is brought from the north to tho south pole is shown in 
Fig, 215. Draw a continuous freo hand curve through all the points 
thugs plotted. This curve gives a complete line of foros due to the 
agnet. 
e back the magnetic needle to tho north pole of the bar 
magnes бо а slightly different: position and in & similar way trace 
out another linc of forco. In this manner by successively starting 
from the various points of the north pole of the bar magnet, trace 
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oub the whole field eurroundirg the ber magnet. Since the distri- 
bution of lines of force is symmetrical with respect to the sxis of 
the bar magnet it is svfficient to draw one halt of the field (chown 
by continuous lines in Fig. 216 and 217). The other half may ke 


\ 
Y 
Y 
+ 
i 
П 


Fig. 216 Fig. 217 


completed by free hand drawing or may be left blank. Fig 216 
shows tbe lines of force due to a bar magnet with its N-pole point- 
ing north, Fig. 217 shows the distribution lines of force wben 
N-pole points south, In both the figures a few other lines of force 
` are fourd which are completely separated frem the magnet. Tbrte 
are the lines of force due to the wagnetic field of the earth, To 
trace them the megnetio needle bis got to ke placed at а fair 


distarce from the magnet and the lines of force due to earth rear 
the vicinity of the magnet may then be drawn. 


On drawing extensive lines of force, two equidistant points aro found 


which are bounded on all sides by lines of force, Ab these regione 
the needle hts got по specifie direction of rest. There are calle 
neutral points. 


Results—The figure drawn gives 
Discussions—The ma, 
accurately on the dots pr 
figure would be found eq 
At the reutral points £ 
the field due to the mag 


the resultg. 


gtetic needle point should be placed 
eviously given. The neutral points in eack 
uidistant from tho centre of the magnet. 


BS horizontal field of the earth is equal to 
net, = 


ORAL QUESTIONS 
Define magnetic lines of force, 


What is tho idea behind the drawing of 1065 
of force by a magnetic needle? Ів the di i k ; o 
any position of a bar magnet? If 9 distributiou of lines of force identical 
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Date— EXPERIMENT 118 


To Determiae the Poles of a Bir magaet aud henes to find 
the Ratio of the Magnetic length to the actual 
length of Bar magnet 


Theory—The pole of a bar magnet is а point within 16 at which 
the resultant of all the forces at that end acts. 


Apparatus —Drawing board and paper, fixing pins, a bar magnet. 
а compass needle. two long pins, some thread. 


Procedure—Fix the paper upon the board and place the compass 
needle upon it, the bar magnet being far removed from it. Fix a 
fairly long piece of thread ёо two pins and бх the pins upon 
exgerimental table outside tha drawing table so thas the direction 
of the thread is parallel : 
fo the axis of needle. 
The thread then lies 
permanently along the 
magnetic meridian 
independent of the 
position of the drawing 
table ( Fig. 218 ) Placa 
‘the bar magnet on the 
drawing paper and draw Fig 218 
its outline. Now place 

one @ad of the magnet. You would 


Фә c)mpass needle near 1 4 
observe that the axis of the magnotic needle makes an angle with the 


rhead thread. Rotate the drawing table in a suisable direosion 
antil iha compass neadle becomes parallel fo the thread. When 
that is done, mark with fine panoil poini two dots at the two ends of 
4ha compass needle. Chavge the position of the neadle slightly, 
"kaeplug it almost ab во equal distance from the pole o! the bar magnet. 
Жаз waald observe that the naelle makes sone angie with the thread. 
Rotate the drawing table until the axis of the needle is parallel 
4o the thread. Mark again $o dots at the ends of the needle. - Ina 
similar way place tha needle ai а third position and making it 
parallel to the thread, mark hwo dots ab its ends. Remove the 
шарпа and the compass nesdle and draw a straight line through 
All the lines are fouad to pass approximately 


air of points. 3 i А 
FRI M polt near the end of the magnes. This point is the 


In a similar way find the other pole. 


pols. 


Measure the length of the bar magaet а few times with a slide 
-oallipara correct to the nearest milimetre. The mean value of such 
4engiha rapragenta the geomatrioal length of magnat, Measure the 
‘distance batwaen tbe fwo poles as obiained with a divider and В 
‘maize scale or а diagoazal scala. Hance gat the ratio of the magnotia 


length to the achual length of the bar magnet. 
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Results—The diagram drawn is the result, 
аг 


"Distance Length of Mean 
No. of between poles bar magnet Ratio Ratio 
readinga om, em. 
lumINESSTERCSEETLIU4- 7-58 — 
| z a pi | m | 085 
3. eo" m К. ЛИНИ MERCI ee 
———Á—M—— M M 


Discussions—The needle should be placed very near each and on 
the bar magnet in order that the lines may meet ab а point шшер 
the straight lines drawn through the pair of points will nct pa 


through one point due to the curvature of lines of force. The 
magnetic meridian should be accurately found. 


ORAL QUESTIONS 


Smaller than tto Geometric length? Can y 
from the standpoint of the molecular theory ? 


any point in a magnetic field ig measurcd by aa 
force exerted оп а unit north pole placed at thet point, The fiel 
strength is alto kn Bnetic intensity and is meaeured In 
dynes per unit pole or in cersicd. It has m direction and magnitude 
and hence it is a vector Quantity. If H denotes the magnetic 
intensity ab 9ny point and в magnet pole of strength m is placed 
there, the force exerted on this pole is mH dynes. 


Couple on a Magnet in a Uniform Field 


Let a uniform беја cf intensity H be represented by the dotted 


) and a magnet NS He 
e strength m be placed in 

e 0 with it, The north role 
of the magnet would be urged in the direction 
of the field with a force mH and the Sape 
Pole in the opposite direction with an equ? 
оопа О отсе; Henos a couple would act 


tho В вте tending to restore it parallel tQ 


Hn A where g— 


+ the moment of the 0спріз= £5] H sin 0. 
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Magnetic Moment—If the magnet is kept perpendicular to the 
field of unit intensity ( Н = 1 oersted ), the angle of deflection is 90°, 
and the moment of the couple reduces to 2mlxsin 90°=2 mi. This 
value of fhe moment of the couple is called the moment of the 
magnet or simply magnetic moment and is usually designated by M. 
Hence the magnetic moment of а magnob may be defined as the 
momen! of & mechanical couple which can keep the axis of the 
magnet at right angles to а field of unit intensity, Thus, 2ml=M. 
The magnetic moment is also a vector. 

Intensities at the End-on and the Broad side-on Positions. 
When the point in question lies somewhere along the axis o} a bar 
magnet, it is called end-on position of the magnet. If the point 
is ab a distance d from the centre of the magnet of length 27 at 


the end on position, the intensity at the point is given ba 


oersteds where M is the magnetio moment. 


Again when the point lies at any distance d from the centre of 
the magnet of length 21, along a direction perpendicular to its xig, 
it is called the broad-side-on position of the magnet. For this position 


the intensity is given by -——9 osrateds, (For details vide Basu 
(d3 +12)? 
& Ohat&erjee's Intermediate Physics, Magnetism, Chap. IV ). 


Tangent Law 

Lot there be two horizontal magnetic fields of uniform intensities: 
F and H mutually perpendicular to each obher. On placing a magnetic: 
needle, which is free to rotate in а bori- 
zontal place, iù would take up an equili- 
brium position at а certain angle 8 with 
respect to H ( Fig. 220 ) Let the needle 
be of equivalent length 2l and of role 
strength m, 

In the equilibrium position the moment 
of the couples due to the two fields acting 
on tho magnet will be equal and opposite. 
The moment of couple due to H=mH x AS 
=mH х9] sin 6. Again the moment of the 
couple duo to F=mFx AN=mE X 21x сов 0, 


+ mH91 sin @= mF cos 0 whence gem 2 


Thus when в magneb is placed in two mutually porpendicular 
fields the targent of the angle of deflection of the magnet with 
respect to one field is the ratio of the intensity of the other to 
that field. This is called the Tangent Law. 
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Date— EXPERIMENT 119 


To Determine М/Н using a Deflection Maguetometer 
from Tangent-A position 


Theory—When the arms of a deflection magnetometer are placed 
along magnetic east and west and a bar magnet is so placed on any 
arm that the axis of the bar magnet, on being produced. passes 
through the axis of rotation of the needle, it is known as the Tan-A 
position of Gauss. In thfs position, 


M, (a EOD 
H 2d 


where 2/- equivalent length of the bar magnet, 
d=distance from the axis of rotation ef the needle to the 
centre of the bar magnet. 
M=2ml= magnetic moment of the bar magnet. 
Н = Horizontal intensity of the earth’s magnetic field. 
6 = deflection of the needle. 


Apparatus —A defleotion magnetometer and a bar magnet- 
A deflection ma 
needle cither pivoted or Suspended horizontally over the centre of 
a circular card board graduated in degrees (Ffg, 991), The scale i8 


fan 6 


Perpendicular fo its axis, 
circalar scala so that any d 


th a 1 i 
When the poiater and it; 1.5. 01896 mirror fixed on the card board 
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properly adjusted, the pointers record 0°—0° when the arms are 
either parallel or parpendicalar to the magnetic meridian. 


Procedure —Rsmove any magnet or magnetic material from 
the experimental table, otherwise the needle of the magneto- 
meter might be disturbed due бо its presence. Place the arms of 
the magnetometer eas& and west and then accurately adjust their 
position so that the pointers attached to the needle read Q^—0* 


emm (Cj mr mw 


Fig, 922—Tan-A position with a magnetometer 


or 90°—90° on the circular sesle. (Big. 292) It is here assumed 
that the magnetometer box is rightly placed with respeot to its 
arm. 

Measure the length of the bar magnet with a metre seale three 
dimes correct to the nearest millimetre or half-millimetre ; and find 
the mean geometric length. Let it be 1, The equivalent length of 
the bar magnet may be taken to be 0 97 = 91, say. 

Now place the bar magnet to the east of the needle alongside 
the scale with its north pole facing the needle. Make sure that the 
bar magnes has been so placed that the poini on which the needle 
turns is along the axis of the bar magnet. The bar magnet is now 
placed end on with respect to the needle as shown in the figure. 
Now slide the magnet either near to or away from the needle to 
such a position that deflection of the needle is nesr aboub 46°. 
Note the position of the north end of the magnet with reference to 
the воме attached to the magnetometer. Let the reading be d'. 
To this add half the geometric length of the magnet to obtain d. 
Again half the magnetic length of the magnet is J. 


For an equal distance of the bar magnet to the east of the needle 
take four readings of deflections viz., (i) north pole facing the 
needle, (ii) north pole facing the needle but the magnet is turned 
upside down, (iii) south pole facing the needle, (0) south pole facing 
the needle but the magnet is turned upside down. 


Bring the magnet to the west of the needle at an equal distance 
and tako a similar set of the four resdings. The mean of all these 
deflections is taken to ba the deflection of the needle at this distance. 


Rssults—(Typical) 
` Mean geometric length of the bar magnet = 1' = 10.2 om. 
.. Equivalent length of the magnet = "91 =9]=9.9 om. or halt 


She equivalent length =2=4.6 om. 


fs 
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Шке ОЙ 
‘Ol | ee = 2 g a 
ч 5% oe з" о M 
© E S gu | 8+ Position of Ба |= | as Ea 
Sa | 92| оя | 3% Bar magnet ES © вд 
28155 55051 28| 3 | шч 
Sige ©з |5 —-® "o в 
a 
П -— a naar kimga | 
cm. | em. | em. E of needle om. | дер. | deg. (0.6.8. 
L 214 | 51 |465 N facing needle | 2:6 46 
9, : А 0» Upside down - X: 
E] © у р S facing needle voe 
4, a «vs eve Upside down m е 
W ot needle 4b | 12:9 
5. ө ө ves N facinz needle 
6 ө 20 ө Upside down 45 
7 ө *. c B facing needle 
8 s.. tee Upside down 44' B 


Placing the arms of the magnetometer ай the 
est care should be taken that no magnets on 
are in the vicinity of the magnetometer, oe 
wise the magnetic needle would be sffected and its Position of еа 
brium would be disturbed. A deflection of the needle near abou 


Discussions—In 
Magnetic east and w 


bar magnet bo too near the n 
Produced by the bar magnet i 
these two factors should alwa 


Date EXPERIMENT 190 


To Determine М/Н using a Deflection Magnetometer 
from Tangent.B position 

Theory—When the arms of a deflection magnetometer are 
Placed along the magnetic meridian and bar magnet is kept at right 
angles to the arm such that the sxig of rotation of the needle is On 
the line passing through the centre of the magret at right angles to 
ita magnetic axie, it is known ag the Tan-B position of Gauss. 12 
this position, 


в 
M-( + 1*)? tan ө 
"where 27 = equivalent length of the bar magnet, 
d=distance from the axis of rotation of the needle to the 
centre of the bar magnet, 
М = 91 = magnetic 


H=horizovtal intensity of the earth's magnetic feld, 
6=deflection of the needle, 


Apparatus—A defleotion magnetometer and a bar magnet. 
Give here a figure and dereription of a deflection 


magnetometer) 
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Procedure —Remove any magnet or magnetic material from the 
experimental table. Place the arms of the magnetometer parallel to. 
the direction of the needle when pointers would oN 
read either 80? — 90° ог 0° — 0° as the case may Бе, 


Placa the bar magnet alorgside the metre 
scale and measure its length thrice at different 
parts ef the scale correct to, nearest millime!'re 
or half millimetre; thus the mean geometric 
| length is found, which ів, suppose, l. Then 
| multiply 2’ by 09, which would give the cqviva 
lent length of the bar magnet. Suppose that 
it ig 21. Measure also the breadth of the magnet 
in a similar way. Let it be b’. 


Now, place the magnet at right anglea to the 
| length of the arm symmetrically as in Fig. 993, at 
such a distance that the deflection of the pointer 
is nearly 457. Read the edge of the bar magnet 
facing the needle. The єсаіе reading plus half 
the breadth of the magnet gives the distance d. 
Keeping equal distance of the bar magnet to 

the north of the needle, take four resdings of ` 
deflections for the following positions: (i) north 
pole of the bar magnet facing east, (ii) north 
pole facing east but the magnet turned upside down, 
| (їй) north pole of the magnet facing west, (iv) north 

pole facing west but the magnet turned up:ide down. 
| Now take the bar magnet to the south of the needle at an cqual: 
distance from it and place it for all four positions given above and 
take readings. The mean of these deflections represents 0. Finally, 
make песєв:вту calculations for M/H. f 

Mean geometric length of the bar magret-i 

.. Equivalent lergth of the bar magnet = 0.9 1 = 91 

Moan breadth of the bar magnet =b" 


|5 |8 
& ELS E 2 m 3 A g 3 
SH) 80) si 35| Positiorsot | 5 | 3 | |M 
аташ ша | Bar magnet | un | 8 3 H 
дв |= |а 2? a3 33 
a H E Ө, 3 E 
a Magnet north 
nor 
om, | om. | em. Pa om. | Peg. | Deg. | 0.G,8, 
1, ma ta E N pointing E — T 
2. ө “‹ 2 Turned upside 
3. aoe . . N pointing W 
4. e n ver Turned upside 
Magnet south 
of needle 
b] We e. . N pointing E 
6. ә ae E Turned upside 
бр" ОШО | N pointing W 
; = = d Turned upside 
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ORAL QUESTIONS 


f hori- 
hat is meant by M oi a magnet? What is H? What is the origin o 
Eu Intensity ? What is its unit? Suppose M/H of one magnet is gronter iban 
that of another ; what conclusion you may derive from this? Why is a mag Gan 
meter needle very short? Distinguish between tan-A and tan-B ро, sen 
M/H be measured placing tha magnetometer in any other position except a 

two standard positions ? 


Date— EXPERIMENT 121 
To Compire the Magnetic Momeats of two Magnets using 
РеПесііоп magnetometer in Tangent-A position 


Theory—It a bar magnet of moment М; and of length 32 
Placed at distance of d, form a magnetic needle in Тар-А positi 
Produces a deflection of 0,*, 

M; _ (d,*-1,%)? 
hen 222401 1, ) 
Then H Sd. 
H being the horizontal intensity of the earth's magnetic field. 


For a second magnet of moment Mg and of length 2s eee 
ab a distance of da form the same needle in Tan-A position produ 
ing a deflection of Өз, 


Ms. (d,*? —1,%)2 
H 


tan б, 


cR CES 
d 
Thus conbining the two equations, we geb 
M; . (da? -1,2)2 х dg x tan 0, 
M, dı (d1* —1,3)* tan 0s 


Knowing di l,. 6, ds 
"moments can bo determiied. 


Apparatus д deflection magnetometer and a pair of magnets. 
[A figure 


3 and description of i ter are to be 
ven hero] Pion of а deflastion magnetome 


la, Oa the ratio of the mognetio 


,, Procedure—Remove magnets and magnetic substances БОЕ 
75 SXPrimental table. Place tho arms of the magnetometer alon 
ees м, Jess When the pointers of the needle 3 failo 
о reni 70 or 90° go* i гере 
‘direction vide Expt. 19. bap a RT, 
Take one 


р the 
magnet and measure і times ; thus 
mean geometrio length is found, doque ев | 


For the same distance of 
"needle take four readings of def 
needle, (ij) north Pale faoin 


the bar magnet to the east of is 
ection viz. (i) north pole facing 6 4 
B the needle but the magnet turne 


я 
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up-side down, (iii) south pole facing the needle, (iv) south pole 
facing the needle but the magnet turned upside down. Now tske: 
the magnet to the west of the needle and record a similar set of 
four readinge. The mean of all these deflections is taken to be the- 
deflection 61 of the needle. 

Place the second magnet upon the magnetometer arm, the first: 
one beirg removed to & considerable distance, and exactly take & 
similar веб of readings with it. Let its equivalent length = 215. 
distance from the needle da and mean deflection of the needle=6a- 


Results— 

Mean geometric length of the first bar magnet =} = 

equivalent length of the first bar magnet=0 t7, = 91; or 
half the equivalent length =}. д 

Mean geometrio length of the second bar magnet =} a 1 

.. equivalent length of the second bar magnet 9//,— 275 or 

half the cquivalent langth = ls. 

Tabulation of data similar to that of Expt. No. 119 for each: 
magnet except the last column М/Н. Hence caloulate M,/Msg. 

Юй. cussions—The deflection of the needle in each case should be 
made near about 45° by altering the distance of the bar magnet from 
the needle. Because when the deflection is rearly 4b°, the error in 
observation is minimum and the calculated result is most accurate. 
The magnetometer should be placed at the tan-A position as accura~ 
tely as possible. 3 
Date EXPERIMENT 122 

To Compare the Mrgnetic Momerts (f$ {wo M: gnets with a 
Deflection Magnetometer in Tan-B p:si'ion 
a magnet of moment М, and of length 27, placed ab 
from a magnebio needle in Tar-B position produces 


. 


Theory—If 
а distance of ds 
a deflection 81; З 
Ма sa, +13,)? tan 01 
sity of the earth's magretic field. 
nt Ma and of length fla placed at 
die in Tar-B position producing в 


H being the horizontal inten 
For a second magnet of mome 
a distance da from the same nee 
deflection of £s. м 
Ms (232 +l")? tan бу 
H 


Then combining the two equations, we geb 
Mi De een ЕА 
M. ( tan 02 
Thus knowing di» li 91» dg, la, ёа. the ratio of the magnetic 


bs can be determined. 
е үүт A deflection magnetometer and а pair of DRE 


mine here a figure and deccription of a deflection magnetometer], 
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Discussions—As in this experiment there is no question of 
deflectior, the bar magnets may be placed anywhere on the mag- 
netometer arms provided that the needle undergoes no deflection. 
The magnetometer should be accurately placed in tan-A position. 


Date— EXPERIMENT 124 


To Compare the Magnctic Moments of two Maguets by 
the Null method in Tangent-B position 


Theory—If two bar magnets placed in broad-side-on position on 
opposite arms of a deflection magnetometer, produce no deflection 
of the needle, it is evident that the deflection produced by one 
is equal and орровібе to that of the other, Let 0, = 62. 

Mı агыу 

Ma 1452 +1,* 
Knowing di, lı, da арӣ la, the ratio М,/М. сап be determined. 
Apparatus—A deflection magnetometer and a pair of bar 


magnets, [Give here a figure and description of а deflection mag- 
netometer.] 


Procedure—Remove magnets or magnetic substances from the 
experimental table. Place the arms of the magnetometer parallel 


to the axis of the magnetic needle, when the pointers are found to 
record 90°—90° ог 0^—0^ as the case may be. 


Measure the actual lengths of the magnets three times correct 
fo the nearest millimetre or half-millimetre and get their mean 
values. Four-fiftha of these lengths give the equivalent lengths of 


the msgnets. Let these be 21, and 2la. Measure alto the breadths 
of the magnets, Let there be bi and bs. 


Place one magnet аб the broad-side-on position to the north of 
the needle ав in Fig’ 217 with its north pole facing east 80 as to get 
а considerable deflection of the needle, Then place the other 
magnet with the north pole facing west ab the south of the needle 
almost at equal distance. Now adjust the distance of the second 


magnet to get no deflection of the pointer, Read the position of 
the nearer edges of the magnets, 


Turn the first magnet upside down without altering. 
g the distance. 
Turn salso the second magnet upside down and slightly adjust them 
to get the null position of the pointer. Read the nearer ende. 
Place the magnets again with their i i 
poles in opposite directione 
and take the readings of their edges. Finally, turn both the mage 


net upside down and read their edges. Th n 
values of d, and ds, caloulate the sello wa. L aE Tiia 


Results— 


Mean geometric length of the firsh magneb 
equivalent length of the first magnot 
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breadth of the first magnet 
Mean geometric length of the second magnet 
-. equivalent length of the second magnet 
breadth of the second magnet 


au w og 


1 E 
ces де 
2 ES ве за а 
5 Е $1 = ч $ m Position of E д auo 
59 НЕ; 24 a= Bar magnet a E Mas 
А @ * Е a a 5 1 g g м, 
3 A з c 
I | - 
cm. | om. om Fi E em. 
1 N facing east = 
2 | Upside down 
8 N facing west 
4 Upside down 
Qnd Magnet 
south 
5 | N facing west 
6 | | Upside down 
T N facing east 
8 | Upsice down 


tt ше. ———————— 

Diseussions— The same as in the preceding experiment. 
Oscillation of a Freely suspended Magnet in a Uniform Field 

If а magaet, either pivoted or suspended, be kept inclined at а 
certain angle with в field of uniform intensity, thin a mechanical 
couple acts upon it tending to bring it parallel to the original field. 
Од releasing the magnet, it begins to swing unéer the action of this 
couple and by the time it becomes parallel to the field, the magnet 
develops sufficient angular momentum to swing past this position to 
the other side of the field. Tbe magnet now moves against tbe 
couple and is, therefore, brought to rest when it bas moved through 
a oartain angle. From this position it again swings tackwards due 
to the effect of the couple and thus periodic oscillation of the 


magnet persists. 


EXPERIMENT 125 


Date— 
To Compare ihe Meguetic Moments of two Magnets 
with Vibration Magnetometer 
(Separate Magnet Method) 
Theory—If a bar magnet oscillates freely in a uniform magnetic 


field of intensity H, ‘ak 
I 
=n y, 1 
Then Ts uH 
т, = period of vibration or oscillation of the megnet. 
where ТИ - moment of inertia of tbe magret about Di n t 


suspension, 
р, Р./22 
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M,=magnetic moment of the magnet, 
т=а сопвбапіё = 3°14, 
Н horizontal intensity of the earth's field. 
For another magnet oscillatirg in the same field. 


= Ts 
Т.= т MH 
where T,= period of oscillation of that megent, I; —its moment of 
inertia about the axis of suspension and M.=its magnetic moment. 

T, (1.9; M, D T. 

Hence Ts І.Н, Me Т.т, 

Apparatus—A vibration megnetometer, a pair of magnets, stop- 
watch, a brass bar of nearly the same size as the magnet, a balance, 
& weight box, a simile callipers and ® 
metre scale. 

A vibration magnetometer consists 
of а rectangular wooden box B having 
glass sides (Fig. 224). A vertical glass 
tube O provided with a torsion head 
is fixed at the middle of the box, The 
torsion head has got а emall hook at 
which a thread of unspun silk fibre 
is fastened. The thread carries а 
stirrup at its bottom which can be 
geen through the glass sides. A long 
slit S is cut at the top of the box, 
through which olservation can ' be 
Fig. 924 made. The inside base of the box is 


1 А Provided with а вігір of mirror ор 
which a straight line i—; is etched, ue 


Procedure—Level the box £o that the 
free. Mount the brass rod 


table parallel t 
meridian. Th 
line etched on 


that the brass rod spinga 
to ile maane аш, The brass rod is then set paralle 


1 i on "irrup во ав to rem in horizontal. 
To give it а small oscillation, bring a second bar ch der the 


Ө insid | 
angle not greater than 6° bo ae magnet turns through a smal 


ты биге Ө awa eb. 
The magret inside is found to oscillate, Cit eie throvgh 
the slit and fix the eye at such a position that the image cf the magnet 
in the plane mirror and the magnet itself appear to be coincident. 
Then there ig no parallex error in recording orcillaticng of the magnote 
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Then start the stop-watch and count £0 to 30 oscillations at the 
end of which stop the watch and record the interval for such oscil- 
lations. Take three such observations. Hence find the mean time 
for a single oscillation. Let it be Т,. 

Take out the magnet and measure the mean geometric length 
of the magnet, Measure its breadth also. Find the mass of the 
magnet in a balance to the nearest decigram. The moment of inertia. 
I of the magnet about the given axis is given by the formula, 
1; — (a* +b) m[19, 

Exactly follow a similar procedure with the second magnet. Let 
its time period be Тз ав also its moment of inertia Ту. Finally, 
from the expression given elready in theory, find the ratio of the 
magnetic moments of the magnets. 


Results— 


—————————— 
| a © 
E - а B E] 
a я B зэ = PT 
EI sa] Ba.) ве | #8 | $3 lee 
sa "| йл | sd | 4a] g | 2 | $8 
Sd on а E 
ge $ | 89.| 83 | at | es 5 ШЕ 
o mu o ЕЗ au a = CES) 
5 S188 Э SiS 56 8 a 
o ` ч z 5 E 
e 
Е sec. вес. сш em. | gm. ‘gm. cm.* 
| | mm ihe | 
$1 285 | 
с 2. cee 285 95 10°2 r5 | 806 7173 
m 
122057 m | | 
Н 1. е | 
$2 12 | 819 | 104 82 | 10 | 511 | 1958 
E | 
а 8 Ы | 


pS eS EE ee so sirgort d | 
Disezssions—In measuring the period of vibration of а magnet, 
the magaetometer box should be set acourately in the magnetic: 
meoridian and the suspension übre should be made free from torsion. 
Total time for в fairly large number o} oscillations should be 
reckoned by the watch. 
Date— EXPERIMENT 126 
To Compare the Megnetic Moments of ‘wo M: gnets 
by Vibration Msgnetometer 
(Combined Magnets Methcd) 
Theory—If two magnets of nearly similar appearance ard of 


moments M, and М» be made to oscillate as one system with like 
poles in the same direction in а uniform field of intensity Н. 


UE 
T,=9r, /—1i* 9 
Then T; VEM 
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"where Т, =period of oscillation cf the composite magnet, T; and Ta 
=moments of inertia of the megaets about the axis of suspension, 

If again those two magnets be coupled with unlike poles pointirg 
‘the same direction and made to oscillate in the same field. 


Then T =r] +T у 
^ (V, МН 
where T; = period of oscilldtion of the new combination. 
Mı T3 4m, 
:Hence Ma T, =T Ë 
"Thus knowing T; and T, the ration of M, and Му can be found. 


Apparates—A vibration magnetometer, a stop-watch, a pair of 
фаг magnets and a brass bar of nearly the same size af that of 
magnet. [Give here в figure and description of a vibration magreto- 
meter,] 

Prosedure—Level the magnetometer base so that the suspersion 
fibre does not touch any point of the vertical tube. Mount the 
brass rod on the stirrup so that ib oscillates equally on both sides 
ot the central line. The fibre is now free from torsion. 

Then find the magnetic meridian with a magnetic necdle or a 
bar magnet and set the base line of the magnetometer box parallel 
to the magnetic meridian, 

Now place one megnes upon another во that like poles face same 
direction and tie them ab two or three regions by knots of thin 
string. Mount the combination symmetrically on the stirrup and 
giva small oscillations without any jerky movement, 

ч Jast when the combinstion passes over the central line in some 
direction stark the Stop-watch. Nex) time when it is passing over 
tha contral line in the same direction it makes one complete oscilla- 
tion and count if аз one, In this Way, measure time for 20 to 
30 oscillations, Take three such reoords of time and hence find 
the time period of a single oscillation, Let it be T4. 

Nox form a new combination with unlike poles facirg the same 


direstion and tie these with stri Y the new 
combination in a simil Striogs. Fini the period of the 


8 У і the 
formula find the ratio of AES ONDN Ts. AES irora ln 


M; snd M,. 
Results ca 992) 
9 ombination with : T 
К Combination with 
8 Like poles Unlike poles 
Po Ratio | 
9 | Time for | Time for Mean |т wx Emp 
N ime for | Ti: a 
8 30 er тш period Т. | 30 osoill. ае 0 ЕИ т.т," 
е 4 sec, sec, зво, 
p м о вес, 
2. 
3. 


Discusrions—The same as in the Preceding experiment. 
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Date— EXPERIMENT 127 
To Determine the Horizontal Intensity of the 
Earth's Magaetic Field 


Theory—If a bar magnet of length 2/2 and of moment M be 
Placed at a distance d in the Tangent-A position with respect to 
the needle of a defection magnetometer and if the observed: 
deflection is 6°, 

M (a? 2 12)? 
Then = —:€— tan 0 
en -E 24 ап 
H being the horizontal intensity of the errih's field. 
Tf again the same maguet be made to oscillate horizontally in 


the earth's field, 


mein] L 
MH 


where T=period of oscillation, and I=mcment of inertia cf the» 
magnet about the axis of suspension. 
Combinirg the two equations, we get 


H=)/ Вп? Id a ew DIT 9id 
T? (d? —1°; oan 0 T(d* —1*)'V tan 6 


Apparatus—A defleotion magnetometer, a vibration magneto- 
moter, a bar maznet, vernier callipers. a stop-watch. a balance and 
& weight box. 

Pvocedura—Place the arms of the deflection magnetometer along 
magnetic east and west, when the pointers are found to read 
0°—9° or £0°—90° of the circular soale; magnets or magnetic 
materials being removed from the table previously. 

Measure the geometric lergth of the bar megnet with a slide 
callipers or a metre scale three times and find the mean length, The 
equivalent longth 61 of the magnet is 0'8 x geometrical length. 
Measure the breadth of the magnet in a similar manner. 

Place the magnot on the eastern arm of the magnetometer with 

its axis pointing towards the pivot on which the needle of the mag- 
netometer oscillates. The neodle is found to be deflected. Observe 
tho amount of deflection by the pointer. Now slide the magent on 
tho arm at a suitable distance to get а deflection of nearly 45° 
Read the position of the nearer end of the magnet on the scale 
attached. Take four readings for a given distance viz. ; (i) north 
pole facing the needle. (ii) north pole facing the needle, the magnet 
turned upside down, (iii) south pole facing the needle, (iv) south 
pole facing the needle, the magnet turned upside down. Remove 
‘the magnet to the western arm of the magnetcmeter and place it 
likewise to got a deflection of nearly 4b°. Read the position cf the 
nearer end of the magnet. Take four readings of deflections for the 
givan distance, аз desoribed previously, Finally calculate the mean 
value of all these deflections. Let the mean value be 0. 
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Мах take a vibration magaetometer, place it parallel to the 
‘magnetic meridian (vide Expt. 125) In that position level ib so 
that the suspension fibre does not touch any point of the vertical 
tubs. Suspend а copper or brass rod on the stirrup and when the 
rod comes to rest, slowly rotate the torsion head to bring the’ rod 
parallel to the cantral line. The stirrup is then in the . magnetic 
апегідізр. 

Afterwards replace the roi by the bar magnet with its north 
poie pointiog north and give it a very small oscillation, by another 
‘bar-m1gn35, the amplisude of oscillation not exceeding 7 to 8°, Observe 
‘the magnes through the slit from such a position that the image of 
the magnet and the magnet itself appear to be coincident. Just when 
the bar magnet passes over the central line in a definite direction 
‘start the stop watch and go on counting timo for 30 complete oscilla- 
‘tions ani hence find the period for a complete oscillation. 

Finally, measure the mass o! the magnet in a physical balance 
eorrest to the nearest decigram.  Henco calculata Н from the 
formula. 

Result— 


Mean geometric length of the bar magnet —13 0 cm. (say). 
“. Equivalent length of the bar magneh=10°4 om. 
Mean breadth of the bar magnet=1'4 cm. 
Distance of the needle from centre of magnot=15°6 cm, 
To determine the mean deflection of the magnetometer needle, a 
tabulation as in Expt, 119 may be made; only the lash column 
M/H is to be omitted. p 


Magnet east of needle Magnet west of needle 
E Mean 
^etleo- | tan 8 
South pole North pole South pole | North pole | tion 
near needle | near needle | near needle | near needle 
Deg. Deg. Deg. Deg. Deg. 
45 465 44 445 44 445 | 44 44 44°5 ‘9827 


. To determine the period of oscillation of the magnet, а tabula- 
dion as in Expt. 125 may be made, only the last column М/./Ма 
fis to be omitted. 

The mean period of oscillation = ;9 0 sec, 

mass of the bar magnes 70'22 gm. 

13*- v4? 
EIU. 10 22=999'9 O.G.S units. 
are ЕР НН 
8x9 4?” x89994 x 15/6 
Ну 7979163" x ogar =0 39 C.G S. unit. 

Discussions—The suspension fibre of the vibration magnetc- 


easter should Ыз torsion free. otherwise thea ejnation for the period 
of the magaet as given in theory does nob hold- The amplitude of 


Hence I= 
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oscillation of the vibration magnet must also be small. Since the 
earth's Seld is uniform over а limited space, the magen& may be 
regarded as placed in a uniform #214 of force. 


Tha deflection of the magnetic needle of the magnetometer 
should be made nearly 45°; but to get such a deflection, if the bar 
M.greb ba required to ba kəpt very near the needle, the uniformity 
of the fisld set up by the bar magnet is affected thereby. Hence & 
compromise between the deflection and the distance should be 
made. The mass of the magnet need not be taken correct Бо more 
than one place of decimals in grammes. 


ORAL QUESTIONS 


Why does а freely suspended magnet oscillate in the earth's field? Ifa 
Magnet is taken to a stronger field and then made to oscillate, will its Ише 
Period increase or decrease? Why? What is your idea about the moment of 
inertia of body? Ifa bar magnetis suspended edgewise or lengthwise, is there 
any ohange in the value of its moment of inertia? What is H and what is its 
unit? If you know H, what other thing you have to know to determine the 
resultant intensity of the earth’s field ? 


Date— ` ExPERIMENT 128 
To Measure the Dip at a locality 


The»ry—Dip is the angle between the resul& line of foroe 
ol the earth's magnetic field passing through a point and the hori- 
z3nt&al plane passing through the point. Hence if & magnetic 
needle accurately pivoted at its centre of gravity be freely suspend- 
ed in the magnetic meridian. the angle between its axis and the 
horizontal plane measures the dip at the point. 

Apparatus—A dip circle and в spirit level. 

A dip circle consists of a horizontal diso D supported on three 
levelling sorews and having a circular scale graduated in degrees 
(Fig. 995). Ab the centre of diso there is a vertical metal pillar 
‘which can revolve and the amount of rotation can be read with a 
pointer attached to its base moving over the ciroular scale. At the 
upper end of the pillar there is a short magietic needle M support- 
ed on a horizontal axis passicg accurately throug’ its centre of 
g-avity. The needle із placed on agite pieces so that it can rotate 
іс a vertical plane with as little friction as possible. To read the 
deflection of the magretic needle there is a vertical g'aduated circle 
С fixed by the side of the needle. The needle with the graduated 
vartioal cirole is enclosed in в box provided with g'ass cover. 


Procedure—Level the disc D at the bise in the following way. 
Place the epirit leval with its axis parallel to the line joining any 
two levelling screws. Work either опе or both the screws along 
that line to bring tha bubble at the oantre. Then place the spirit 
dovel ab right angles to its formor position. Now work the third 
leveling sorew to bring the babble at the centre. The digo ig 
levelled thereby. " 


314 INTERMEDIATE PRAOTIOAL PHYSIOS 


Rotate the graduated circle along a vertical axis. The needle 
would be more or less deflected in a vertical plane. Continue the 
rotation of the vertical circle until the 
needle becomes vertical as is evident by 
90° reading of the ends of the needle. 
At this position the influence of the hori- 
zontal intensity of the earbh's field upon. 
the needle becomes ineffective and so the 
plane of the graduated circle is perpen- 
dicular to the magnetic meridian. Read 
the position of the pointer over the 
graduated disc. 


Now, rotate the piane of the graduat- 
ed circle through £0° as indicated by the 
Pointer. The plane of circle as well as 
the plane of oscillation the magnetic 
needle are then in the magnetic meri- 
, dian. The needle is found to point ® 

Fig. 225 Particular direction. Read the ends of 

the needle on the graduated circle. Turn 

the needle upside down on bearings and take another set of readings. 

The mean of these four readings gives the inclination or dip at the 
Place of observation. 


Results— 
Dip at Calcutta 


No. of | Position of | А Меап 
readings the End | Mmelination | rs clination 
deg. | deg. 
1. North Pole | a5 pu 

2, South Pole 30'0 
Needle reversed 29:5 

3. North Pole 29°0 

4. Sonth Pole 295 


Discussion—If the north pole of the dip needle is below the 
horizontal Plane, it is customary to represent the inclination by N, 
otherwise the letter S is affixed. Alb over India the north pole of 
the dip needle is balow the horizontal plane although by different 
amounts at different places. The dip at Calcutta is found to be 
205°N. The dip at а locality undergoes в slow periodic change 
but it is very small and beyond the scope oi measurement of 
ordinary dip circle, For acouracy in measuring the dip, the plane 
of rotation of the needle must be parallel to the magnetic meridian. 
The needle must be pivoted accurately at its contro of gravity and! 
the magnetic axis should pass through the pointed ends of the needle. 

_ORAL Questions 

hat are the magnetic elements of the ear f 
a sides of the needle ? What happens if FEES Med. Боо 
atiis centre of gravity? Why doss a dip needle when properly set give the 
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inolination of а locali;jy ? Why is it that a magnetic neelle can be set almost 
at all localities pointing vertically downwards? What is that position and why. 
does it poiat vertical? At some locality on the Earth, the dip is found to be 90*^ 
what conclusion can bs derived out of it? If the magnetic poles are not located 
accurately at the ends of the neeile, how can it be used to find the dip at a place tr 
Date— ExPZRIMENT 129 


To Verify Invers3 Square Law in Meguetism 
(Graphical М sthods) 

Тһеогу— two poles of strengths m and m’ be placed at =. 
distance r from each other, the mutual force between them is 
mm'[r*, Hence for given pole strengthe, the force varies inversely. 
a3 the square of the distance. 

Apparatus—A bar magnet, a short compass needle, drawing: . 
board and materiale, two fixing pins, a divider and a metre scale. 

Procedure—Remove magnets and maguetic materials from the. 
experimantal table. Place a compass needle, preferably a long one, on the: 
table. Set apart two fixing long pins at a distance of about 2 ft. on 
the table and tie a thread with the pins at а height of about 6 in. such 
that the thread lies vertically above and parallel to the needle. The 
direction given by the thread ia parallel to the magnetic meridian. 

Fix the drawing paper on the drawing board and place the bar 
magnet at its middle part. Draw the outline of the magnet with a. 
Pencil Placa very short compass needle near one of its ends, when it ів. 
found to point that end. Now rotate the drawing board slowly till the: 
needle b3comes parallel to the thraad. At this positicn mark the ends of 
the needle by two pencil dots. Find similarly two other positions of 
the needle and mark the enda by pencil dots. Join these three pairs 
of dots by straight lines which being produced meet вё a point 
Somewhere near the end cf the outline of the magnet. This is the 
Position of one pole. Ina similar way, fiad the other pole (Fig. 296). 

Place the bar magnet again within its outline on the paper and 
take poinh P at any convenient distance from the magnet, as shown 
in the figure. Place a small compass needle with its centre over 
the point. The compass needle will naturally point in the direction 
of the resultant intensity due to the magnet and the earth. 

Slowly rotate the draw- 
ing board to bring the com- 
pass needle parallel to the 
overhead thread. When the 
needle Нав in the magnetic 
meridiao, the action of the 
couple exerted by the earth’s 
magnetic field od the mag- 
netic needle vanishes and 
any deflection of the needle 
is due to the action of the 
bar magnet. Hence with 
regard to the point P, we 
may say that the direction of the resultant intensity due to the 
poles of the magnet is also the axis of the magnetic needle. 


Fig. 226 
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Mark the ends of the needle at this position by the pencil dots. 
Lb the centre of the needle be Р. Join the points and S by a 
straight line ; similarly join N and P by another line which is pro- 
duced beyond P Produca the line passing through the dots to 
a convenient point S. Taking PS as diagonal, complete a parallelo- 
gram PO3R. Thus the resultant force РЗ is equivalent to two forces 
PO along PS and PR along NP. These two forces may be taken to 
‘represent the forces due to the south and north poles of the bar 
‘magnet acting on the magnetic needle. 

If the strength of any pole of the needle be m’ and any pole of 
the bar magnet be m and if the inverse square law is true, 

PQ тт'/тт PN? 

Then DR = PS*/PN® 7 PS 

Hence if by actual measurement of lengths, the ratio of PQ to 
PR be equal to the square of the ratio of PN and PS, then the 
‘inverse square law is correct. Measure the distances PN, PS, PQ 
‘and PR with scale; hence verify in the inverse square law. 


Take five or six such points evenly round the bar magnet and 
take similar observations. 


Results— 
Dis- Dis- Percent- 
No. of Ratio | Distance] Distance! Ratio 
А tance tance ge differ- 
readings, PQ PR PQ/PR PN PS |PN'JPB* PERO 
| om | om em | сш | 
1 [ | | 
а. 
8, 
4. 
5. 


Discusions —The point P is to be so selected that the distance 
PN О: PS may поб be too small or too large relatives to each obher. 
‘Otherwise an error in reading either or both of them may produce 
а large error in the ratio of their squares. The magnotio needle 
‘used in the experiment should be shorb. Measurement of distance 
‘Should be done as accurately as possible. 


ORAL QUESTIONS 
w in magnetism? Why does a magnetic needle 
‘placed in a magnetic filà point a definite direction? Define a line of force and 


-gtate its properties. Why d dla 
parallel the magnetio merldian p ^ "0949 the board so as to make the nea 


What is inverse Square la 


iDate— EXPBRIMENT 130 
To Verify Inverse Square Law of Magnetic Forces 
by Deflection Magnetometer 
(From Tangent-B position) 


Theory—In the Tangent-B position of Gauss, if a bar magnet 
of length 97 and of moment M, placed at a distance d from the 
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magnetometer needle, produces a deflection 0. and if H be the hori- 
zontal intensity of the earth's field, 


Then M. (gs +1") tan 6 
H \ 
Since for a given magnet M is constant and for a given locality H 
ds constant, then the left side expression is constant. Consequently 
the right side expression deduced from the theory of inverse square 
law, should also show в constant value. 


Then the product of (a2 +123 and tan 8 would be constant for 


‘various distances of the needle and so the graph between (a° +1218 
‘and cot 0 would be straight line. 

Apparatus—A deflection magnetometer, a bar magnet. 

[Give here description and sketch of a deflection magnetometer.] 

Procedure —Remove magnets or megnotio materials from the 
‘experimental table, and set the magnetometer with its arms parallel 
to the magnetic maridian, when the pointers are found to read 
0° – 0° or 90*—90" of the circular scale. 

Measure the length and breath of the bar magnet with a metre 
‘scale. Place the magnet on an arm in Tan-B position at & conve- 
nient distance to get a deflection of nearly 60° to 65° of the neadle. 
Take the reading of the edge of the magnet. At this position take 
four readings of deflection in the following way: north pole of the 
Magnet facing east; for the same position magnet turned upside 
down; north pole facing west; for the same position magnet turned 
upside down. Then move away the magnet from the needle and 
place it to suoh а distance that the deflection decreases by about 
10°, Hore also take a similar set of deflections. In this way take 
a record of the distance and deflection till deflection comes down to 
about 15° to 20°. 

Results —Breadth of the magnet = = 

Mean geometric length of the magnet = 

Ejuivalens length of the magnet = 2} = 


= 9 Deflection 6 

зЁ |5 Mein | myn |1089 +1") 
5З | 55 |N. pole | Opside N pole | Upside | 6° nO) xtan @ 
"25 east | down west down 

1. | | Te 
3. | 

3. 

4, | 

5 


a Ё—._——-—— 


D:scussions—For a large value of 0 the value of tan 0 is also 
considerably high and consequently the chance of making error ig 
Also greater. Hence the value of @ should not. exceed 60° to 65°, 
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Frequency of Oscillations and Field Strength 


It has been stated on page 354, that the time period T of & 
freely oscillating magnet in a field of uniform intensity H is given 
by the formula, 


T=2 yee ee oe oe WO 
п, MH whence T H (1) 


Н я be the frequency of oscillation of the magnet, then 1/л= Т 
' 1 1 
А =Т= whence n* > Н 
If the magnet has a frequency of vibration n, in an increased 
field F, + Н and a frequency л» in another field F +H. 


Then F, + H=kn,*, also Fa +H=kn,* and H=kn? 


Fi ni-n? 
whenca We gene | 
Date— ' EXPERIMENT 131 f 


To Compare the Field Strengths produced by two Magnets 
at a given distance from the Combination 


Theory—If n be the frequenoy of oscillation of а small magnetic 
needle in the earth's horizontal 8:11 and if nı and ла be the 
frequencies of oscillation of the same needle when two horizontal 
field strengths Е, and Fa due to two magnets are separately ruper- 
imposed on earth's field, then, 


(For details vide Basu and Ohatterjee’s Intermediate Physics- 
Vol. IL, Magnetism, Ohap. IV, Art. 38), 


Apparatus—Two bar magnets, metre scale, stop-clock, a chort 
ani stout magnetic needle with suspension arrangement or preferably 
Searle's-vibrations magnetometer. 


Searle's magnotometer consists of a small cylindrical magnet №, 
nearly 1'5 om, long and fixed at the lozer part of a brass cylinder ©. 
(Е.а. 227), The cylinder is supported vertically with unspun silk 
thread from a torsion head. There is an aluminium pointer 
fixed with the cylinder under the magnet. The purpose of the 
cylinder is to make the system heavy and of large moment ol inertia 
fo en:ure a long period o} vibraticn, 

Procedurs—Remove magnet or magnetic materiala to a distance 
and suspend a bar magnet from а stand with unspun silk thread 
ania stirrup. When the mignet becomes steady, draw a chalk line 
on the table parallel to the longer edge cf the magnet. This line 
gives the magnetic meridian, 


Now suspend the magnetometer on the chalk line and rotate the 
torsion head to such a position that the pointer oscillates equally on 
both sides of the line. The magnetometer is now placed parallel te 
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the meridian. Let the magnatomater oscillate through a small angle 


pointing downwards and acjast the height of the magnet ко that its 
north pole is on the same horizon:al glane as that of the magneto- 


Fig. 228 s 


Fig. 227 
moter (Fig. 228). Now place this vertical magnet to ike south of 
The 


en distance on the chalk line. 
magnetometer is found to oscillate more rapidly. Determine by the 
stop-clock the interval for 20 oscillations. Геб the mean frequency 
be n, at the given distance d from the centre of the needle to the 
north pole of the magnef. 
Remove the bar magnet to some distance and place in a similar 
her bar magnet at the same distance. Oount the interval 


the magnetometer at the giv 


‘manner об 

of 20 oscillations and thence get the mean frequency of oscilla- 
tion ng. Then from the formula get the ratio of Е, and Fs. 
Results — 


Distance between the north pole of the first bar magnet to the 
entre of the magnetometer needle = (?)... ......... (22)... ........om. 
', mean distance = ............ CM. 


Time for 20 oscillations Time for single cscillation 


Earth's | Magnet I+ 
field Earth's field 
H (F,+H) 


Magnet II+ for f 

for H or 
Earth’s fiela | 07 F,+H | F, +H 
(Fa +H) = is JR 


No. of 
readings 


sec. вес, sec. 
aum [vr | 


The second magnet kept at equal distance» 


1 
Hence чр 7%" trequeney of oscillation in Earth's fleld, 
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тр “nı = frequency of oscillation in the combined field due to 


1st Magnet and Earth, 


= па = frequency of oscillation in the combined field due to 
a 


2nd Magnet ard Earth. 
1 3: = лш ш гый 
А Fs ng? —m* 


Diseussions— The magnetic needle uted for the oscillation pur- 
рове should be short but it should have an appreciable moment of inertia. 
The two bar magnets whose fields are to be compared, should have 
equal lengths. They should be set vertical when comparing field 
strengths due to one pole of each and horizontal when comparing 
the field strengths due to both poles. . 


ORAL QUESTIONS 


Why do you use an unspun silk thread and nota spun silk thread for suspen- 
sion? What із a field strength and what is i's unit * Why does the frequenoy of 
oscillation change with the field? Why do you not use a long needle for oscillation 
purposes ? Suppose that you are cxperimenting in a room made of iron sheet, 
how do you expect the oscillation of your magnetometer to change ? 


OHAPTER VIII 
EXPERIMENTS ON ELECTRICiTY 


Electrification 

16 is found that some substances such as glass, ebonite, pcly- 
thene etc. when rubbed with silk or flannel acquire the property of 
attracting light substances such pieces of paper. This phenomencn: 
is oallen electrification by friction. The substance cn which the 
attractive property is infused is said to be eleotrificd or charged. 
with electricity. б 

И a number of different bodies be eleotrifed in this way, they 
can be distinotly divided into two classes by their mutual action: 
upon one another. To classify them a glass rod rubbed with silk: 
is suspended freely. Different substances rubbed with flannel, silk 
or fur, are brought successively near the rod. In some cases there 
is attraction; in other cases a repulsion. Those that are repelled by 
the glass rod, also mutually repel one another. The kind of eleotri- 
city generated on the substances repelled by the glass rod is called: 
positive electricity. Hence positively charged bodies repel each: 
other. An ebonite rod, rubbed with flannel, is suspended likewise. 
It is found to be attracted by the glass rod rubbed with silk or 
any other positively charged substance. The kind of electricity 
generated on ebonite by being rubbed with flannel is of opposite 
kind and is oalled negative electricity. Different substances rubbed 
with silk, flannel or fur, are brought successively near the ebonite 
rod rubbed with flannel; those that are repelled are all negatively 
charged bodies. Thus there are two kinds of electricity, positive 
and negative. à 


Conductors and Irsulators : 

If a rod of ebonite be rubbed with flannel and held in hand, its. 
charge oan be examined for a considerable time in dry weather. 
But if a rod of metal be examined under a similar condition, its 
charge cannot be detected. The reason is that the charge developed 
on the metal by friction immediately goes to the earth through the 
body of the worker, But if the metal rod be provided with a dry 
wooden handle, the electricity on the metal remains localised and: 
may be preserved for examination, Thus there are two distinct 
classes of substances,—the one class in which electricity cannot flow 
from one point to the other. There are called zon-conduciors or 
insulators. The other class in which electricity can flow from one 
part to the other called conductore. Glass, dry wood, procelain, 
sbonite eto. are ingutators while metals, leather etc., are conductors, 
There is an intermediate class which allow electricity to pass 
through them with great resistance: these are called partial. 
conductors. 
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‘Laws of E'ect: ostatic Force: 

It has already been stated that like charges repel and tnlike 
-charges attract each other. It is found that the force F between 
‘two electric charges of magnitudes qı and qs placed at а distance d 
"is proportional to the product of the two charges and inversely pro- 
portional to the square of the distance between them. 


"Hence F « im or pau. 


In the O.G.S. system of measurement a unit charge is defined 
фо be а charge of such magnitude that when it is place one ‘centi- 
‘metre distance from a similar charge in air, the force bebween 
‘them is one dyne. According to this system of measurement, if 
Jı = 9а = ппіб charge, and d=lom. then F=1 дупе, Thus the 


law of force reduces to F= da (For further details vide Basu 
‘and Ohatterjee’s Intermediate Physics, Electricity, Chap. VIII). 


Electrostatic Potential 

The space surrounding a charged body, in which its irflaence 
upon other charged bodies can be detected, is called the field of 
force due to the chared body. A unit positive charge placed ab 
any point in the field of force due to positively charged body 
experiences a force of repulsion. ‘Dae to the repulsive force the unit 
positive charge will move farther and farther from the charged 
:body. The force exerted on a unit positive charge at any. point 
ia called the intensity of the field at that point. The intentity 
at any point has gob some magnitude and direction; and  herce 
it is a vector quantity, 

If a unit positive charge is gradually brovght nearer to 8 
positively charged body, work is done continuously cn this unit 
Positive charge in the prccess cf displacement. The amount of 
work done goes to increase the potential erergy of the unit charge 
Ai we displace the unit charge from point to point in the electric 
‘ficld there is in general a change in the total amount of potential 
energy. We may thus speak of poi:rtial at -a point is am eleciro- 
static field which measures the total amount of work done a uni 
positive charge to bring it from an infinite distance to the point 
-under consideration. The potential gives the amount of work orly 
and hence it is а soslar quantity. If the nature of the charge 
‘on the body is negative, the same definition for the potential at а 
point in its field will hold good; only the potential is negative 
‘in sign. 

Since a unib positive charge tends to move from a positive charge 
to a negative one, we may ray that pcsitive electricity mcves frem 8 
positive to а negative potential or more commonly from higher (9 
‘lower po'ential, Conversely negative electricity moves from lower to 
ihigher potential. 
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The potential of a conductirg body is defined to be the. nmourt 
of work done in bringing a unit positive charge from infinity to a 
point infinitely near the surface of the conductor. The greater is 
the amount of charge on the body, tbe higher is its potential. The 
potential of a body is roughly guessed by the amount of deflection of the 
leaves of a gold-leaf electroscope when the body is taken near the 
dise of the instrument. 


E'ectrostatic Capacity 


The potential of œ conductor inoreases with the amount of 
positiva charge given to it. Thus, if Q be the amount of charge 
given to a conductor which is thereby raised to а potential V, 

Then Q« V 7. Q=0xV 

where О is a constant depending upon the share and volume of 
the conductor, nature of the medium surrounding it and the 
neighbourhood of other conductors. This constant is called the 
capacity of the conductor. Hence the capacity of & conductor may 
ba measured by giviog я known amount of charge to it and examin- 
ing the rise of potential. A conductor has a capacity of one elec- 
trozbatic unit when one electrostatic unit of charge raises its 
potential through one electrostatic unit, The practical unit of 
capacity is a microfarad which is 9x 0° times electrostatic unit 
of capacity. 


Induction Machines 

An electrostatic induction machine is a very useful apparatus in 
charging conductors for demonetratir g experimenter. The older types 
of statical electricity genetors are more cf friction type for example 
a Voss machine. A more improved type is Wimshurst machine 
in which electricity is generated by a little, of friction and much 
by induction. To collect electricity, the apparstus is to be warmed 
up in the sun or by a heater, so that the parts are dry, The 
apparatus is to be worked with charging knobs wide apart. The 
conductor with an insulating handle is to be touched with any of 
the knobs. If one knob charges it positively then the other would 
charge ib negatively. 

The best charging ш: сһіпе of modern time is a miniature Van 
de Graff generator, which is purely an induction machine, It necds 
little preheating for an operation. The details regarding all these 
machines are given in Basu and Ohatterjee's Intermediate Physics 
in Part II Hleotrioity- 


Date— EXPERIMENT 133 
To Charge and Discharge a Gold-leaf Electroscope 


Apparatus—Gold-leaf electroscope, ebonite and glass rods, cilk 
and flannel pieces, a brass rod mounted on a varnished glass handle, 
and ordinary or а shelf oven for keeping apparatus dry and a 
metal plate. 


Р, P./23 
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Tkere are varities of forms of the gold-leaf electroscope. In 
one form, used mainly for demonstration purposes, it consists of а 
brass rod R having at its upper end a brass disc D (Eig. 995). 
Ab the lower extremity of this rod a very thin light leaf of gold L 
is attached. The rod passes into a metal ring M, the mouth of 
which is tightly stoppered by some nonconducting material. The 
front and back faces of the ring are covered by two glass plates. 
A basin containing calcium chloride or rmall pieces of pumice stone 
soaked with strong sulphuric acid is placed inside to keep the air 
dry. Another sensitive type of a gold leaf electroscope is shown 
in Fig. 230. For description vide Basu end Chatterjee’s Inte; mediate 
Physics, Statical Electricity, Obap. І, Vol, II. 


Fig. 230 Fig. 231 


To charge an  Eleciroscops by Conduction— Mount a brass rod 
on the glass handle and dry the combination thoroughly on the 
oven. Place the electrozcope on the table after drying it thoroughly: 
Then hold the rod by its glass part, care being taken not #0 
touch the metal part. Flap gently the brass rod with eilk oF 
catskin and place it before the brass diso of the electrozcope wilh 
‘out touching it. A view of the catekin and the rod is given i” 
Fig. 231. If the divergence of the leaf appears to be too lar£e: 
reduce the charge of the brars rod partially by touchicg it with pa 
brass porticn of a similar rod, Then make the brass rod touc 
the disc of the electioscopo when a divergence of the leaf, 3° 
observed, The electroscope is thus charged ^ positively ФУ 
conduction. 


To charge an Electroscope by Induction—Rub thoroughly dried 
ebonite rod with silk and hold it a little above the disc of th? 
electroscope. The leaves are found to diverge. Without removing 
the rod, touch the disc momentarily with a finger, when the leave 
collapse. Next take away the rod and the leaves again dlver&e- 
The electroscope is thus charged by induoticn, 
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To observe the nature of tha charge on the electroscope bring a 
glass rod charged pos:tively by rubbing with silk, near the disc of 
the electroscope. Ths divergence of the leaves is found to increase. 
Hence the electroscope is charged positively by induction. Since 
this charge is produced by an ebonite rod charged negatively by 
rubbing with silk, we may infer that opposite electrification is 
developed by induction. 


ORAL QUESTIONS 


Distinguish between electrostatic induction and conduction. Why are the 
leaves of the electroscope very thin? Why do you warm the apparatus before 
exporlment? Why is the brass rod mounted on the glass handle? Why a metal 
caso is kept around the loaves ? 


Date— EXeERIMENT 133 


To Show that a Potential Difference is responsible for 
Divergence of the Leaves 


Theory— When а difference of potential is maintained between 
the leaves of the electroscope and its walls, there is a tendency of 
the positive charge to flow fram a region of higher potential to a 
region of lower potential until potentials are equalised. Negative 
charges tend to move in the opposite direction. The forces, acting 
on the charges of the leaves, manifest as the divergence of the 
leaves. 

Apparatus—A gold-leaf electroscope, ebonite ard glass rods, 
insulating stand, drying oven eto. 

Procedure—(i) Warm and dry the electroscope snd its 
acoosso:ies in sun light or electric heater for about half an hour 
before proceeding with experiment, Place the electroscope on the 
table and conn3ct its base by a wire to the earth. This сар be 
done very efficiently by connecting the end of wire to the gas or 
water pipe, The potential of the base ani inside tin foils is then zero, 

Rub an ebonite rod with fl:nael to charge it negatively. With 
this rod charge the disc of the elestroscope positively by induction. 
Observe that tha leaves diverge. Discharge the electroscope by 
momentarily touching its disc with a finger. Now ruba glass rod 
with silk ani charge tho electroscope negatively by induction, 
Observe that the leaves again diverge. This stows that if the 
base is kept at a zero potential, any kind of charge on the insulated 
diso produces a diverg nee. 

Agin connect the base snd the dise by another wire, while 
the base is earthed. Now bring near the diro sn ebonite rod 
rubbed with flannel or a glass rod rubbed with silk. Observe that 
in either case there is no dive'gance of the leaves. This proves 
that if the diso ani the base are at zero potential, there is no 
dive gance, 

(ii) Insulate the base by placing the electroscope on a plate 
made of sulphur or some other insulati:g material and cutting off 
the wire connection. Make the disc earth-conneoted. Oha:g» the 
base either positively or n gitively by induction. In either case 
leaves are founi to dive:ge, This proves that when the insulated 
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base is cha gad, there is a divergence of leaves even if they are 
kept аб zero potential. 

Make the outer casirg of the electroscope earthed alo g with 
the dise. Bring a che:ged body, either positive or n gative near 
the dise, Observe that there is no divergence, So when both are 
ab zero potential there cannot be sny divergence. 

(iii) Cornect the base and the diie by а wire, so that they 
are always at the same potential. Chs7ge the disc either positively 
or n gitively. There is little or no divergence. Now remove the 
wire connection of the disc with an insulating handle and touch 
either the base of the disc. So, there is в potential difference between 
the diso or leaves and the base, In either case the leaves diverge. 


Resuits— 
Potentia) 
е Potential Observa- 
ерасі of the base оше tion 
Base earthed leayes+ly charged| 0 4 divergence 
leaves—ly charged 0 — do 
leaves and base 0 0 no diver- 
connected gence 
Leaves earthed base+ly charged + 0 divergence 
base—ly charged — 0 do 
leaves and base 0 0 no diyer- 
conr eoted gence 
Electroscope on | both--ly charged | +V, (say) | +V, no diver- 
insulating stand gence 
Base and leaves | both- ly charged | —V, (say) | —V, do 
connected 
Electroscope on | Leaves earthed + 0 divergence 
insulating stand do 
Base and leaves | Base earthed 0 4 
charged +ly 
and then 
disconnected 
do Base earthed 0 — divergence 
Base and leaves | Leaves earthed — 0 do 
—ly charged 
and then 
disconnected 


Discus:ions—From the above observations it is evident that 
fhe dive gərcə of the leaves of the eleobroseope does not depend 02 
the absolute value of the potential of the leaves, but always cn 69 
difference of the potentials of the leaves and the case which 
Burro ns the leaves, 


Date— EXPERIMENT 134 
To Study the Effects of Electrostatic Induction 
Theory—The electrification acquired by a conductor due to #06 


presence of an electric cha'ge in its ne‘ghbourhood and nob actually 
in metallic ocntact is called electrostatic induction, 


Apparatis—A gold-leaf electrozcope, glass and ebcnite rods, 5v 
insulated metal balls of equal size, a brass rod mounted cn varnished 
glass hendle, fur and silk pieces, dryi: g суеп ete. 
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Р‹осейитә— То charge a metallic body by  Induction—Dry 
thorougly all the apparatus in the oven, Suspend from a vertical 
‘stand a metal ball with silk or nylon thread. Rub an ebonite rod 
with silk and place it before the ball. Touch the ball momentarily 
with finger and then take away the rod. : 

Examine the nature ef the charge of the ball with an electro- 
scope charged positively. An increased divergence irdicstes thst 
the ball is charged positively by induction. Examine the nature of 
of the charge on the ebonite rod with the electroscope charged 
negatively. The divergence increases showing that the inducing 
chargo is negative. Hence a charge of opposite nature is developed 
by induction. 

(ii) Zo show that equal and opposite amount of electricity is 
deviloped on the induced body—Suspend by silk thread two metal 
balls of equal size from two vertical stands and place them touching 
each other, Rub the ebonite rod with silk and place it before the 
combination, In presence of the ebonite rod the two balls are 
separated by holding the insulated part. The nature of the charge 
of each ball is examined with an electroscope. One is found to be 
charged positively and the other negatively. 

Now make the two balls touch each other and then examine 
the nature of charge. They are found to be completely discharged. 
Н nce their charges are equal and opposite, 

(ii) Zo show that im general inducing charge is greater than the 
observed induced charge —Charge one of the insulated balls positively 
either by flapping with a piece of flannel or by connecting directly 
with an i flience machine. Take the other ball near the charged 
ball and touch it with finger. Examine the nature ofthe charge on 
the induced body; it is found to be negative. 

Make the ‘two balls touch each other, and examine the nature 
of the charg: of each ball. Esch is found to be feebly positively , 
charged. This proves that the positive charge of one ball was in 
excess of the negative charge of the other ball, co that when they 
were connected, the excess positive charge was distributed over 


the two. 
Date— EXPERIMENT 135 


To Show that the induced Charge is equal to the 
Inducing Charge 


(Faraday's Ice pail Experiment) 

Theo:y— When the body on which the charge is induced, is so” 
placed as бо cover the inducing charge on all sides, the induced 
charge may be shown to be equal fio the inducing charge. 

Apparatus —An electroscope, в metal ball suspended by silk thread, 
a deep hollow metal can, an influence machine or any other charging - 
appliance, drying oven etc. 

Peocedure—Dry the motal.cin very thoroughly and place it on 
the: diso of the eleotroscope; if any divergence of the leaves is. 
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noticed, touch the can with finger so as to completely discharge ib, 
when the Іваузв collapse. 


Suspend the ball, previously dried in oven, by thread from & 
stand and make if touch the prime conductor ol a friction 
machine. It receives some charge. 
The machine should be kept at 8 
considerable distance from the 
electroscope to avoid any inductive 
action. 


R-mcve the ball by thread and 
slowly lower it into the hollow of 
the can without touchicg its sides. 
The diverg:nce of the leaves is found 
to increase more and more (Fig. 2392". 
when the ball is taken near the 
Fig. 232 bottom, the diverg nce reaches № 

ч = „ШАНЫ maximum value. Now move the ball 
to different sides and observe that the divergence does nos change 
proving thereby that the charge induced on the can is maximum 
(Fig 238). The lines startirg from the ball indicate lines of force 
when it is positively charged. 


‘ Mike the ball &ouoh the bottom of the can. There is no changa 
in the divsrgince of the leaves. Take the ball out Remove the 
can from the diec and discharg:» the electroscope. Bring the ball to 
the uncharged electroscope and observe no divergence. Rapeat the 
ex.eriment a number of times, but in every case you will find that 
the ball when taken out of the can after touching its base exhibits 
no electrical charge. 


, Inference—Let the ball acquire в charge q, from the machine 
in any one experiment. When lowered deep into the can, let the 
charge induced on the inner walls of the can be – дз. If possible, 
let 41> qa, во that when the ball touches the bottom, tbe whole of 
the Positive charge of the ball is not neutralised, and the excess 
ne TEE is distributed over the outer surfaca of the can to increase 
ШЫ lvergenoe of the leaves. Bat since there is no change in 

vergence of the leaves, gi cinnot be greater than qı nor less: 


H i i А К б 
EU the inducing charge in this case is equal to the induced 


Date— EXPERIMENT 136 
To Study the Action of an Electrophorus 
Apparatui—Aa  eleoirophorus, flannel or catskin, insulated 
metal ball, proof plane, gold-leat electroscope and drying over etc. 


An electrophoras із an electric machine to geb a large inber- 
mittent supply of electric charge. It consists of a vuloanite or resin 
cake O placed on a metal dish D, called the sole. A brass diso just 
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fitting the cake, called the cover P, i: provided with an insulating 
handle H (Fig. 934). 


Procedure— Warm and dry the cake, dish and the sole in tha 
Oven, Place the cke on the sole on a table and thoroughly rub the 
cake with flannel or catskin. Hold the cover by the insulating 
handle on the cake and touch the cover momentarily with finger. 
Then lif& the cover by the handle and slowly bring it near the disc 
of an uncharged electroscope. Observe that the leaves diverge which 
Proves that the cover is electrically charged. 


To investigate the nature of the charge on the cover plate, 
charge the electroscope positively 
and slowly bring the cover near 
the electroscope from a distance 
of 3 to 4 fy. An increased diver- 
gənce indicates that tha cover is 
also positively charged. Discharge 
the cover by touching with finger 
and again place ib on the cake. 
Touch the cover mom:ntarily with 
a finger and lift it. Take it near 
а positively charged electroscope Fig. 234 
and observe that leaves diverge. 

Honce it is possible to got a large supply of positive charge by 
flapping the cake once for all. 

PAgain, place the cover on the cake and touch it momentarily. 
Withous removing the cover, touch it with a proof-plane and bring 
the proof-plane before an uncharged electroscope. 
Observe that there is no divergence of the leaves. 
Various forms of proof-plane are shown in Fig. 235. 
The experiment shows that the proof-plane cannot 
receive any charge when the cover is in contact 
with the саке. Lift the cover to some height and 
touch the proof-;lane with ib and bring it before 
the same electroscope. Now a divergence is noticed, 
Hence we may conclude that the electrical energy 
of the system appears only when the cover is 
separated from the cake Md 18 АПЫ 

. Since a proces of separation against an attractive force 
Re EN hase of some work, it is concluded, that this work 
increases the electrical energy of the cover, 


Flow of Electricity 

Take two conductors of large size and charge one of them posi- 
tively and the other negatively, carefully keeping each one of them 
on insulating stands, Connect one of them by a wire to a knob 
type small electroscope and observe the amount of deflection of the 
leaves. The deflection gives в measure of electrostatic potential of 
one conductor, Find in a similar manner the potential of the 
other conductor. The two potentials are of opposite characters 


Fig. 235 
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and may һе of different magnitudes, since in one case the electro- 
scope would be charged positively and in the other case it would ba 
charged negatively. Now momentarily connect the two conductors 
by а wire anl ex3mine the nature of potential of the combination. 
If would be found on connecting the same electrozcope, that the deflec- 
tion is much less this time and is equal for the two showing that 
both of them have acquired the same potential. Such an eaualica- 
tion of potential may be explainsd by assuming that the negatively 
charged electrons have moved through. the conducting wire from 
one аб the lower potential to the other af the higher to «qualise 
toe potential. Such а passage of electricity between two electrified 
bodies is called an electric current. If an arrangement be devised 
such that the two connected conductors be supplied with charges at 
бле same rate аб which they lose the charge, they may be kept аб 
& constant difference of potentials, the flow of electricity becomes 
persistent and a uniform current is obtained in the wire. This is 
practically attained in a voltaic cell in which the two electrodes are 
always kept аб a finite differencs of potentials. For theory of 
contact potential in в Voltaic cell vide author's Intermediate 
Physics. 


In gases and colutions the electric current is produced by the 
movement of positive and negative charges (ions) in opposite directions 
along the electric field. But in solid conductors the nuclei of the atoms 
which are the sources of positive charges are held together firmly 
and they cannot move. Tho electrons move in procession from the 
lower to the higher potential producing the current, (For details 
vide Вазо & Chatterjee's Intermediate Physics, Electricity, Chap. X!)- 


A Simple Voltaic Cell 


A simple voltaic cell consists of в zinc plate Z and a copper 
plate О partially immersed in dilute sulphuric acid in a glasa ОГ 
earthonware pot (Fig. 233). The two plates are then permanently 

c kept at two different potentials: the copper at 
abigher potential and zirc at a lower one. 

Oa now connecting а metallic wire between 
the two plates an electric current flows 
through the wire: electrons moving through 
the wire from gine to copper plate. The 
difference of potentials between the copper and 
zine plates tends to diminish due to the flow 
of charge but the contact poten'ial difference 
between copper and acid as also between aoid 
and zinc remains constant and, therefore, current 
do ош, persists £o long as chemical action goes on. . 

ig. According to the theory of electrolytic 
dissociation some of the sulphuric acid molecules in solution break 
up iato bwo parts, each part being electric Шу charged. One neutral 
molecule of Н.90, breaks up into two H-ions which are rpositivelY 
charged and a $O,-ion which is negatively charged. These two oppo- 
eitely charged ions are very loosely bound within the solution. AS% 


E. 
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soon аз the two plates are dipped into the solution, an electrical 
feld dua to the contact poteatial differance is established between the 
plates. Consequently these two charged systems of ions move in 
opposite directions setting up а field just. equal and opposite. 
Тз celi is now in equilibrium state. If now a wire is connested 
between the two plates the ionic charges developed on the two 
plates tend to neutralize by flowing through the wire. As soon 
as a part of the charges has been neutralized, more and more ions 
begin to depo:it their charges on the plates due to internal field. 
In this way a continuous current is established throvg’ the external 
wire. (For а detail study of mechaniem of transport of chargas 
throug’: a call, vide Basu & Chatterjse’s Intermediate Physics, 
Electricity. Chap. X! )- 
The chemical action oocurirg within a cell is as follows : 
` Zn-* Н.50:. = 72150, + 2H 


Dofeets of a Simple Cell 

There are two principal defects of a simple cell preventing a. 
continuous flow of electric current through i$. Thess are (i) locat 
action and (ii) polarisation. 

Local action —Ordinarily zinc available in the market contains 
may imourities e.g., iron, lead etc If any one of 
such impurities lies on the surface of the zine rod 
used in a cell, & minute cell is formed consisting 
of zinc тод, acid and the impurity. Thus a current 
called the local current flows on the z'uc rod 
within the cell The particles of impurities being 
numerous, many such minute cells are formed causing 
an unnecessary wastage of zine, both when the 
circuit is open or closed, This is called the local 
action. Госа! action may be demonstrated by dipping 
an impure zinc rod in sulphuric acid when bubbles 
of hydrogen and oxygen are given off from the rod. . Fig. 287 

To prevent the local action the zine rod is first washed with : 
dilute sulphuric acid and then rubbed thoroughly with mercury. А 
layer of mercury sticks to the zine surface forming a coat all around. 
This layer of morcury dissolve: zino which floates on its outer 
surface while impurities remain inside the coat. Thus zine only 
come; in contact with the acid solution and is acted upon by it. 
This process of forming a coat of mercury on zine is called amalga- : 
mating the zine. 

Pularisation—Waen в current flows in а simple cell bubbles of 
hydrogen gas are evolved at the copper plate. In the process of 
evolution of the bubbles. a thin film of gas is gradually formed on 
the copper plate, which continuously decreases the strength of the 
current and stops it altogether after sometime. This is called the 
polarisation. Polarisation may be demonstrated in a cell by con- 
necting an electric bell, which works all right from the start but stops. 
ringing after а few minutes. і 
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The deposition of hydrogen film may be prevented either by 
machanical means or by chemical means. In the mechanical proce- 
dure the copper plate is taken out at intervals and brushed off to 
remove hydrogen film. This method is troublesome and also 
imperfect. In chemical method the evolved hydrogen is converted 
chemically into some other substances поб interfering with the flow 
of a continuous current. The chemicals used to remove hydrogen. 
are called depola:i-ers, 


Date— EXPERIMENT 137 
To Set up a Daniell’s cell 


Appa'atus—A copper vessel with a perforated shelf, a porous 
"pot, а zinc гой, two binding screws, some quantity of mercury and 
‘erystals of copper sulphuric acid. 

A Daniell's cell consists of a cylindrical copper vessel provided 
"with a annular perforated shelf near its top (Fig. 238), A porous 
‘sylindrical pot is placed within the copper vessel and the space 
‘between the two is filled almost to the top with a saturated solution 
of copper sulphate, The perforated shelf contains crystals of copper 
sulphate. The porous pot is filled with a dilute solution of sulphuric 
acid in which a rod of amalgamated zino is 
partially dipped. The outer copper vessel and 
the zinc rod are fitted with binding screws. 

Procedura—Wash the z'norod with dilute 
sulphuric acid, Take a shallow trough and 
place the zinc rod on the trough. Then take 
а little mercury on your palm and rub _the 
rod gently. Take a quantity of water in В 
glase beaker. Add sulphuric acid to water 
drop by drop until the -proportion of acid 
added is about one tenth the volume 0 
water. While acid is heing added stir the 

Fig. 238 mixture slowly. Prepare also a saturated 
solution of copper sulphate by mixing 8n 
excess of powdered copper sulphate crystals with distilled water. 

Place the zino rod within the porous pot and fit a clip with ё 
binding screw to its top. Pour the sulphuric acid solution into the 
porous pot upto its brim, Pour also the copper sulphate solution 
‘into the space between the porous pob and the copper vessel so that 
the perforated shelf is partly immersed in the liquid. Place в few 
eryatals of copper sulphate on the shelf. Fit another clip with 8 
binding screw with the copper vessel. The cell is now ready for use. 

Oonnect the terminals of a 2-voli lamp to the two binding 
‘screws ; the lamp glows a little showing that current flows through 
‘dt; tha copper vessel being the hig potential plate and zinc thé 
lower one. Sulphuric acid solution is the exciting liquid and coprer 
aulphate solution is the depolariser. The chemical action within 
She cell is follows : 

Zai*H3480, —Zn80,- H4, 
OuSO, +H: = Cu * H580, 
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The ourrent passing through the wire may be detected by any 
one of its effects e.g., magnetic, chemical or heating, 


Discussions—The two plates of the cell should not be connected 
by a thiok wire which has very neglig'ble resistance for in this 
oase a heavy current passes through the wire injuring the life 
of the cell. This is called short-circuiting the cell, which is always 
to be avoided, The hydrogen evolved chemically acts upon copper 
sulphate to deposit copper on copper plate. In this manner 
polarisation ia avoided. When the cell is not in use, the acid and 
the depolariser should ba taken out and the vessel should be washed 
with water, This is called dismantling the cell. The E. M. F. of 
a Daaiell's cell ia very noarly 1'07 volts which can be examined 
with a voltmeter. 

ORAL QUESTIONS 


Des^ribe a Danlell's Cell. What is the procedure adopted to minimise the local 
action and polarisation within this cell? What is the e. m. f. of such a cell? 
What are the uses of such а cell? What is the source of energy in a cell? 
What is short-oirouiting а cell? How is а cell injured when short-circuited ? 
How would you connect a number of colls when you want higher eum.f. ога 


higher current ? 
Date— EXPERIMENT 138 
To Set up a Leclanche’s cell 


Apparatus—A wide glass bottle, a zino rod, a quantity of 
mercury, ammonium chloride, a carbon rod, charcoal, powdered 
manganese dioxide and a porous pot. 

A Leclanche’s cell consists of a glass bottle P containirg a 
sbrorg solution of ammonium chloride (Fig 939). Ап amalgamated 
zino roi Z is partially immersed in the 
solution. A porous роб containirg a rod of 
въз олгроп О stands almost at the middle of 
tha bottle. The space botween the carbon 
rod and the porous pot is closely packed with 
a mixture of charcoal and powdered manganese 
dioxide. 

Procedure— Wash the zinc rod with dilute 
sulphuric acid an! placa it over а flab trough. 
Now rub the rod with a little mercury. 
Prepare a saturated solution of ammonium 
ohloride by mixing sufficient quantity of 
ammonium chloride in water, Placa the rod 
of gas carbon within the porous pot and 
tightly pack a mixture of powdered mang inese 8 
dioxide and carbon around it. Place the 
porous pot in the solu'ion Fix two binling Fig. 289 
soraw3 to the carbon and zino rode. The cell is now ready for use. 
Oa connecting a small bulb, it is found to glow, showirg that the 
coll is sending а current. 

Carbon rod forms the high potential plate and zine rod the low 
one, Ammonium chloride solution is the exciting liquid and manga- 
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nese dioxide is the depolariser. The chemical action going on 
within the cell when the current is flowlcg is as follows: 

Za t 3NH,C:— 001. + 9NHs + Hg 

Hs * 2Mn0s = Mn40, + HaO 

Diseussions— The depolariser in this case is solid and hence the 

rate at which hydrogen is oxidised is rather slow. Therefore, when 
such а cel! is continuously worked for sometime a considerable 
amouat of hydrogen is evolved which produoss а partial polarisation 
of ‘the high potential plate, For this reason this cell ia very 
suitable for an intermittent supply of electric current аз required in an 
electric ball, telephone etc. Tho E.M.F. of the cell is 1'4 volts. 


Testing the Polarities of Cell 


Ether the magnetic or the electrolytic effect may be employed 
to determine the direction of опггепё in an electrical circuit, The 
terminals of a cell ara connected by в wire stretched over a supended 
magnetic needle. Then observing the deflection of the N-pole and 
applying the Ampers's swimming rule, the dfreotion of current flow 
can be determined and hence the nature of the polarity of the cell 
is known. There is another way of examining the polarity. A 
trough containing some water is taken and one Gr two drops of 
sulphuric acid added to it. Two wires are connected to two elec- 
trodes of the cell and the other ends of the wires are dipped into 
the solution. Hydrogen is evolved at the negative electrode and 
oxygen аз the po-itivee Вий hydrogen being more profusely produced 
than oxygen, bubbling is noticed more prominently at the negative 
terminal. But in testing the eleotrio supply meins if the terminals 
are pub in acidula*ed water, the current through the solution is 80 
large thas if would form a spark and the circuit lino wil! be fused. Pure 
water is to ba taken instond of acidulated water, because puro water, 
being a bad coaduohor of electricity would carry a feeble current 
through it, 


Accessories for Electrical Experiments 

There are а few auxiliary apparatus, which are found to be 
inilispensably necessary in one or other electrical experiments. 
These are described below. 

Binding Screw—It consists of a metallic piece having 80167 
thread and a nut working on it. The metal piece is fixed rigidly 
with the body to which electrical connection is to bo made. The 
wire conveying the current is made into a loop and fixed with 
the nut. 

Connectors —There are metallic pieces having two clampirg 
s»rews or springs a! bwo ends. These are used to connect two Wire? 
aia single point or for connecting a wire with а thin rod or plate etc. 

Plug Key—It consists of a reotangular base B made of ebonite 
or bakelite, on which two metallic pieces are fixed. These two 
рівсэз are provided with two binding screws SS and are sepirated 
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from each other by a small air gaP (Fig. 240). A cylindrical brass 
piece with an sboni&o cap P just fits into the gap and thereby makes 
a metallic contact between the two pieces. A plug key is always 
used in an electrical circuit which requires to be opened or closed 


Fig. 240 Fig. 241 
whenever desired. The manner in which a plug kep is connected 
in a circuit is shown in Fig. c4} containing battery В and а flash- 
lgbt bulb D. One terminal of the battery is connected to one cf 
the binding screws of the key and the other terminal is connected 
by another piece of wire to the bulb and then to the other binding 
sorew. If now the key P is taken out, the two pieces of wires are 
disconnected and the current is stopped 
in the cirovit. When the plog is inserted 
the wires are in contact and current flows: 


Tapping Key—lIt consists of an ebo- 
nite base B on which two metallic pieces 
havirg binding screws BS are fixed (Fig. 
- 249), With one piece is fixed & metallic 
Fig. 249 spring having а non-conductir g button P. 
In the normal condition the spring docs nob touch the other binding 
aorew, bub when the button is pressed а connection is established 
between the metallic pieces. On releasing tha pressure the spring 
jumps up and the connection is severed. Tt is used for making an ~ 
instantaneous electrical contact. The method of connecting a tappirg 
key in an electrical circuit is identical with that of a plug key. 

Plug Commutator—It consists of four uniform metallic pieces 
BB GG -fixed on an ebonite base and insulated from each other by 


Fig. 243 Fig, 244 


amall air gaps (Fig. 943). Each metallic piece is provided with a 
binding sorew to which a wire can be connected, There are two 
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plugs by which connection can bs established between any two 
pieces, The plugs are always inserted diagonally. It is used to 
convey current through any parb of ап electrical circuit and to 
reverse the ou-rent in thai circuit whenever required. The leads 
from the battery circuit are connected to the screws BB and the 
two terminals of the circuit under examination are connected to the 
screws GG. For two positions of diagonal insertion of plugs tbe 
current is Jed in oppos.ts directions. 

Fig, 944 shows the marner of using a Plug commutator in ® 
circuit containing a battery, a lamp and & galvanometer. Note that 
terminals of the battery and galvanometer are connected diagonally 
ab the commutator having numbers 1, 2, 3 and 4. If sectors 1 an 
3 represent thetve and—ve terminals of the battery respectively 
and if plugs are put between 1 and 4, 9 end 3, then current flows 
within the galvanometer from rector 4 to eector 2. Whereas if plugs 
are роб between 1 and 2, 3 and 4, current flows within the galvance 
meter from sector 2 to 4. Thus cutrent is reversed. 

Pohl’s Commutator— Is consists of an ebonite base provided 


with six small holes each containing mercury (Fig. 945). Mercury in 
each hole is connected by а 


wire through the base to 8 
separate binding sorcw by its 
side. The four holes on the 
two opposite sides of the block 
are diagonally connected by 
two pieces cf wires forming 
a огсвз on the underside. 
There in a metallic rider, 
called the jockey J, having 
six legs fittings into the six 
mercury cups. The jockey 
Fig. 245 rests on the cups in such а 
way that when its two lege 
resi upon two mercury cups at BB, the other to legs just opposite 
to them rise above the other cups are disconnected. The two 
other legs at CO are permanently connected to the jockey. The 
battery terminals are connected to BB and the circuit under exami- 
nation to OO. On rocking the jockey from one side to other the 
current in the oircuis is reversed. 


9 P 
РЕ Ta) 
Fig. 246 Fig. 247 Fig. 248 


Another form of commutator is shown in Fig. 246, which consists 
of a non-conducting plate having six metal plugs fixed to it. The 


EXPERIMENTS (F ELECTRICITY 367 


two extreme plugs are diagonally connected by metal wires as shown 
by PP and QQ. A knife switch S hinged to the middle plegs cam 
work either side The switch put to the left is shown diagrammati- 
cally in Fig. 247. The battery circuit is connected to the middle 
pur ks plugs and the current reversing circuit бо any one pair of 

вп 

The actual manner of connecting a battery circuit containing a. 
lamp L and a reversing cirouit containing & galvanometer A is 
shown in Fig. 2:8. The 
Positive terminal of the oirouit 
is connected to the upper 
middle plug. When the knife 
switch is placed to the right 
side, note that the current 
flows through the galvano- 
meter oirouib from top to 
the bottom. If however, the Fig. 249 Fig. 450 : 
awitch is placed to the left the ourrent flows through the galvano-* 


meter in the reverse direction. 


A third form of commutator is shown in Fige. 219 and 950. It 
consists of а non-conducting base with four terminal binding screws 
А, B, O and Р. Connections 
by wire may be established by 
prod and socket arrangements 
between A and O, B and D 
(Fig. 249) or between A and 
D, B and O whenever desired. 
The battery circuit is generally 
connected to the points A and 


Fig. 251 (a) Fig. 261 (b) 


B and the reversing oirouit to O and D. When connection is direct 
as shown in Fig’ 251 (a), current flows through the galvanometer 
in one direction but when the connection is orossed as in Fig. 261 (b), 
current flows in the reverse direction. 

Two-way Plug key—When а current is required to be sent 
through any one of the two branches in an electrical circuit, a two- 


way plug key is used. It consists of 
three isolated metal pieces A, P and 
fixed rigidly to а non-conducting stand 
and each provided with а binding screw 
(Fig. 252). There are two plugs P, and 
ing В and О to A. The 
i A is joined to the main 
circuit and terminals of the branch circuits 
to points B and OQ, If the plug P, is put 
in, Р. being taken out, the electrical 
connection is established between A and Fig. 252 
B. On the other hand if Ps is put in, 

P, being taken out, contach is made between A and О, If, however, 
both the pings are pub in, B and C are simultaneously connected to A, 
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Four-way Plug Key—A four-way plug key is similar in principle 
and construction to a two way plug key, the only difference being 
that instead of two metal pieces, thore 
are four binding pieces A, B, O and 
D, which may te joined either jointly 
or severally to the common point N 
Fig. 9:3) This type of plug key is 
very suitable for a comparison of 
potential of a number of points in a 
circrit. The various points are con- 

digo 208 nected by wires A, B, О ete. and the 
volimeter or potentiometer of a gal 
vanometer termisal to the point N, 


Two-way Switch ard i's Operation—A two-way switch looks 
like an ordinary electrical switch but the lever of the switch touches 
a metal plate in both on and cff positions. S, and Sa in Fig. £54 
represent two switches and the thick black U in each represents the 
lever of the switch operated by the key. The lever may be placed 
either in position 1 or 2. The thick curved line on the side is the 
metal plate which touches the 
lever in on ard cff positions, 
a3 shown by 1 and 3. Two 
such switches, one above and 
the other аб the foot of а stair 
case, are fitted and are con- 
nected by wires as rhown in 
the diagram. The mains are 
connected fo the metal plates 
of the switches through an 
electric lamp. Note that the 
lamp can be operated by any 
one switch. This is also called a stair-oase switch, 


Fig. 254 


Tangent Galvanometer 


A tangent galvanometer consista of a circular vertical frame О 
over which а coil of wire is wou: d (Fig, 24+). The terminals of the 
coil are connected to binding screws at tke base. There is a ciroular 
graduated disc D rigidly fixed at the central part of the coil, The 
diso is graduated in degrees and is provided with a vertical pivot ab 
its centre, A small magnetic needle M is suspended horizontally on 
the pivob ro as to swirg freely. A long aluminium rointer is fixed 
at right angles to the magnet and moves over the circular tcale. 
Any rotation of the magnet can be read with the pointer. The 
circular coil with the dise ie capable of rotation along a vertical 
axis, There are three levelling screws at the base. In scme form 
of tangent galvanometer there sre more than one coils wound on the 
circular frame having different resistances. In Fig. 255, the frame 
carries three such coils side by side having number of turns 2, fO 
and £00 respectivels. One end of all the coils is connected to the 
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left binding screw. The three other terminals sre connected 
to separately to binding acrews having number of turns marked on 
them. A tangent gelvanometer is used 
to detect and measure the magnitude of 
current flowing through a circuit, 

The three coils of such a galvanc- 
meter are often used for three different 
Purposes, as given below— 

(1) When the 2-turn coil is used in 
a circuit, the resistance due to it is 
about O'L ohm and the instrument then 
acts as a low resistance galvanometer 
or as an ammeter. 

(2) When the 60-turn coil is used, 
its resistance is about L fo 2 ohms. It 
is then a galvanometer for general use. 

(3) When the 500-turn coil is used, Fig. 255 
whose resistance is about 200 to 250 ohms, Tangent Galvanomoter 
it may serve fhe purpose of a fairly high 
resistance galvanometer or & Small voltmeter. Of course for each kind 
of use, the scale should be properly calibrated or the reduction 
factor should be determined. But a tangent galvanometer is seldom 
used as a voltmeter. 


Ohm’s Law and Resistance 

The ourrent flowing through в conductor at a uniform tempera- 
ture is directly proportional to the potential difference between tho 
ends of a conductor. This is called Obm’s law. If Va and Vy bs 
the potentials ай any two points of a conductor, Va being higher 
than V» and if a current O flows between the two points, then 
according to Ohm's law, 


(Va-Vo)= С or =R 


Va- Vb 
С 
where В is a constant. This constant depends upon the volume 
shape, material and temperature of the conductor. We can walks 
the equation in the form— 
Va- V5 
OCT S 
whence we find that the larger is the constant R, the smaller is the 
current. Therefore it follows that the effect of this factors is to 
regulate the current flow in а conductor and i$ is, therefore, regarded 
as the resistances Hence the law may alto be stated thus—The 
current flowing through a conductor is directly prororttonal to the ` 
potential difference at the ends of ihe conductor and inversely pro- 
portional to its resistance. The resistance of а conductor in most 
cases increases with а rise of temperature, 


P.P./24 


С 
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Specific Resistance—The resistance R of a conductor is found 
to be proportional directly to the length Z of the conductor and in- 
versely proportional to its cross-section s, Hence from the laws of 
variations— 

1 1 

R«— or Б=„— 

8 8 
с being а constant which is called the specific resistance of the material 
of the conduosor. From the expression of specific resistance, we see 
that when ?=1 om, and s=i sq. om., then R=c, Therefore, specific 
resistance is equivalent to the resistance of s conductor of unit 
length and of unit sross-section, that is the resistance of a centimetre 
sabe of the material when current flows normally to one of its faces. 


Unit of Resistance— The units of resistance in both absolute and 
practical units are derived from Ohm's law. The electro-magnetic unit 
of resistance is the resistance offered by а conductor when a unit 
potential difference (e.m.u) causes an electromagnetic unit of current 
to flow, Similarly, the practical unit of resistance is the resistance 
of в conductor when a potential differences of 1 volt causes a current 
of one ampere to flow through it. 


Thus, 1 e. m, п. of resistance = ашшы D Ht 
1 e. m. u, of current 


" 8 3 

Similarly, 1 ohm = ^! =10° ө. m. units of p. d. 

1 ampere 107* om. unit of current 
=10° e, m. unit of resistance, 

‚'. В ohms=Rx10° e, m. units of resistance. 

A uniform column of mercury of length 108'8 ою, and of oross- 
gection 1 sq. mm. having a mass of 14°4521 gm, at 0°O has got а re- 
sistance of 1 ohm. Very high resisbances are expressed in terms of 
а megohm which is 10% ohms, 

Unit of Current—The eleoromagnetio unit of current ів defined 
to be the amount of current, which flowing through an are of length 
1 em. of a circle of radius 1 om. Produces at its centre a force of 1 
dyne on a unit magnet pole. The Practical unit of current is aD 
ampere, which is one-tenth of the Corresponding electromagnetic unit- 


Resistance Coils and Boxes 


A resistance box contains a number of coils of fixed resistances 
connected in series. The wire with which the eoila are wound, is 
double silk-covered and is made of some alloys eg., manganin, ger- 
mən silver, constantan, ete, which have high specific resistance and 
small temperature coefficient. The wire of each coil is first folded 
so as to bo doubled up andis then wound ona small wooden cylinder 
fixed rigidly within the box. The terminals of each resistance coil 
are soldered to two brass pieces AB (Fig. 956) having an air gap 
between them. The value of each resistance coil is marked. The 


I 
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air gap may be ciosed tightly by means of а metal plug P when- 
-ever necessary. 


To understand the action of 


P 
а resissanee coil when роб into 
an electrical circuit, suppose that A 
the two metal pieces A and B 
(Big. 957) ато connected to a ™ 
circuit carrying current, and let 7 


the eurrent flow in the direction 
of the arrow head. When the 
lug és tightly fitted, the current 
on entering А is divided into 
two branches; one DAS going 
through the body of the plug to ‚ А 
B and the ded part, although Fig. 256 Fig. 257 

: very minute fraction, travelling through the resistance 7. Hence 
the resiatance of the body of the plug and that of coil are connected 
їп. parallel. Tae resistance of the plug is practically zoro, hence the 
-equivalent resistance R of the combination is according to equation, 


Honea, when the plug is fitted, the corresponding resistance coil 
sís ineffective. К ў 1 

Again, when the plug key is taken out, and air gap is formed having 
‘an infinite rasistancee The entire current flows through the resistance 
-ooil 7, and the equivalent resistance R is given by the relation,— 


1 1.1 = 
"Be on R=r 


Hence, when the plug is taken owt, the corresponding resistance of 
the coil is introduced into the 
circuit. 

In practice & number of resis- 
tance coils of different values are 
joined in series as in Fig. 958, 
Two ends of the series are 
provided with. two binding 
screws through which current 
enters and goss out. When any 
such coil is required to be put 
into the circuit, the correspond- 
ing plug key is taken out go 
that current then circulates 
through the coil. A resistance 
box of smaller type having a 
maximum resistance of 400 ohms 
is shown in Fig. 258. Resistance 
Fig. 258 boxes of higher ranges are algo 
‘available. The current bearing capacity of the coils, specially those 
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for higker resistances, is smell, being about a tenth of an ampere. 
Care must be taken rob to send a current much more than the tafe 
limit assigned to a particular resistence kox, Ji a lsrge current 
passes accidentally through any coil tbe heat precuced may melt 
the paraffin coating of the coil or even burn cut the coil causing a 
permanent damage to if. 


Slide Rhecstat 


It consists of а long uniform wire wound over a nor-conéuctirg 
cylinder. The two terminals of the wire are conrected to the 
binding screws SS (Fig. 259) A metal rod, over which a jockey J 
can slide, is rigidly fixed above the coil. A ejrirg attached to the 
jockey makes а metallic contact with the rod ard the part of the 
coil immediately below it. A binding screw B is fitted at one 
end of the rod. The instrument is provided with a suitable stand. 
The terminals of a circuit are connected to the pcint B and any 
one point S. Now the position of the jockey determires the 
portion of the coil 
introduced into the 


: TTE mem De 
mu wu i pnta 


jockey, different 

lengths of the wire B 
are inserted into the 
circuit and . hence Fig. 259 

current ig regulated by altering the effective resistance. 

Fig. 260 is а diagram showing the manner of connecting & 
rheostat in an electrical circuit. One terminal of a cell E is cor“ 
nected by a wire to the binding screw S, of the rheostat. The 
UH EIN of the soll is cornected to a galvanometer G. The 
other binding screw of the galvano is j j i 
the point B of the rheostat. M cc i am 

As shown in the figure the current from the cell enters through the 
erd 8, of the rbeostat, circulates 
through the resistance coil and 
leaves the coil at D at tho point of 
contact of the jockey. Then it raese& 
threvgh tke rod and circulating 
through the galvanometer coil goes 

Fig. 10 back to the ce!l. Hence the effective 

"e portion of the rheostat introduced 

into the circuit is the length of the resistance wire between the points 

Sı and D. The part DSa remains urured. Hence it is evident thab 

as the point of contact of the jockey is moved to Ње right го as to 

increase the length cf the coil, the resistance is ircressed and the 
deflection of the galvanometer gets emaller. 

Combination of Resis'ances—For practical purposes ib beccmes 
necessary to combine several resistances in а circuit. This can be 


done practically in two ways :— 
When several resistances are connected one after the other in such 
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& manner that the current is the same in any one of them, they are 
connected in serizs (Fig. 261). If ri. тз, rs etc. be the resistances 


c 
——- i" n їз е 
А B D E E 
Tig. 261 


c»nngobed in series, the equivalent resistance R is given by the 


relation, 
R-rictractfssee 


When several resistances are connected in such a way that one 
erminal of each is joined 
to one point and other 
terminal to another point, 
the combination is said 
to be in parallel (Fig. 962). 
In this case currenb enters 


the circuit through one 25 
joint, divides in all the : : 
branches and finally goes Fig. 262 


oub through the other 
joint. It ri fa, "s obc. be re jistanoes, all connected in parallel, the 


gqnivaleat resistanc) R is given by the relation, 


Dats— EXPERIMENT 139 
To Verify Ohm's Law with a Tangent Galvanometer 


w states that current O flowing through а 
-oportional to the potential difference Е and 
to the resistance В, In both the systema of 


Theory—Oam's la 
солӣ псбог is directly P 
inversely proportional 


units, E— OR. 
It tha emf. of the olroui& is constant, tha cirrent may be 


chang by alioring tha resistanca of any part of the circuit. In 
each case tha product of the current and the total resistanca of 
tha cicenis is constant ani is equa! to the e.m,f. of the circuit, The 
sarrant О parsing &hrough а properly adjastad galyanomater is equal 
to K tan 0, where K is а constant of the tangani gilvanomater, If 
S is tha total resishanca of the circuit, 

then B=O0S=3K бап Ө or, Stan 0 = Е/К = constant. 


Appiratus—A tangens galvanometer, а resistance box, an 


aooumulasor, а commutator and connecting wires. 
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Procedure— Connect two terminals of a storsge cell to the 
two binding screws of а commutator by two pieces of wires. See 
G that the contact plugs of the commutator 

are off while making such connections. 

Now connect the tangent galvanometer i7: 

series with a resistance box and join the 

free terminals of the combination with two 

c other binding screws of the ccmmutator. 

The representative diagram is shown in 


Fig. 263 while the actual manner of con- 
nection is represented in Fig. 264. The 
É resistance box may be directly connected 


either with the cell or with the galvano- 
Fig. 263 meter, since it does not alter the nature 
of the circuit. (The student is required tc 
draw only the representative diagram in the Fair Note Book.) 


Place a spirit level ab the central рагі of the glass cover of the 
dial of the tangent galvanometer and level the instiument with the 
base screws £o that the magnet is suspended freely. To test the 
free suspension of the needle, bring а bar msgnet af rome distance 
from the needle to get a fair deflection. On taking away the 
magnet, the needle would oscillate almost equally on two tides of 
its position of rest. Now rotate the coil aboot the vertical вхів 
until the pointer attached to the needle reads (° – 0° on both rides. 
of the circular graduated scale. The place of the coil is now’ 
parallel to the magnetic meridian, j 


Put а resistance of a few hundred ohms in the resistanos box by: 
taking out tho corresponding 


plug and close the circuit. 
When the. deflection of 
the galvanometer becomes 
steady, take the reading of 
both the pointers. Then 
decreaso the resistance in 
the resistance box by some 
amount and again take the 
reading of the pointer. In 
this way, record а numker 
of readings with values of 
resistance and corresponding 
deflection of the galvanc- 
meter needle. Tabulate the 
readings вв shown in the 
adjoining table. Get the Fig. 264—Actnal connection 
values of cotangent of all 
the mean values of the angles of deflection from a book of tables. 
Now plot в graph with the value of соб 0 as abscissa and the 
corresponding resistance inserted in the resistance box аз ordinate 
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(Fig. 265), Tho graph is a straight line as proved below. Let Е 
ba the e.m.f, of the cell, 7 the internal resistance of the cell, G the 


3:5 


2:5 


t 


300 "P200 100 O 100 200 30 40 50 
Fig. 265— Verification of Ohm's law 


resistance of the galvanometer and R the resistance put in the 


resistance box. Then the current О flowing through the galvanometer 
is given by 
E E. 
aie Le m ‚отт аст 
[o fain A ton 6 org cot O=rt+G+R 


K K 
cot б 5 R*g(r*G) 
nb and r-- G is another constant for a given 
cell and galvanometer, the relation between cot @ and R represents 
a form of the equation y=metb which is a straight line. The 
straight line mests the resistance axis at a certain point P for some 
negative value of resistance R. Measure this negative value, and 
call i&—p. For this point cob 0= 0, and since К/Е is not zero, 


r+@-p=0 whence r+G=p 


It Ohm's law is valid, (r+G+R) tan 0=(p+R) tan 0= Е/К. 
The value of (r+ G-- В) tan 0 is shown at the last column of the 
table. Since the product is constant within the limits of the expe- 
rimental error, the law is verified. 


'ginoo E/K is a consta: 
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Result— 
(LL OOOO OTT ЭЛЫН 
Resis- Value of Mean | | 
No. of | tanceof | p=r+G | Deflec- Cot ё Tan 8 | (r+G+R) 
Readings| the box measured | tion @ xtan 6 
in ohms | from graph | degrees ! 
' 

1 £00 225 165 3 376 0:299 2146 
2 400 ” 19 29 0:844 2156 
3 300 5 22 5 2'41 0414 2171 
4 200 ” 27 1'96 0'51 2104 
5 100 2 38'b 151 0:66 214'8 
6 80 E 35 143 07 218:5 
7 50 г) 38 1'28 078 214°5 
8 30 » 40 119 0:889 218'9 
9 20 » 41 115 0 862 212'9 


————————— 


Discussions—The values of 0 round about 46° should be 
recorded, since the relative accuracy in measuring the current for 
& deflection near about 45° is high. The lower is the resistance of 
the galvanometer, the more accurate is the graph and hence the 
better is the constancy of the product, 


ORAL QUESTIONS 


Moving coil Galvanometer 


To detect and measure current of the order of a millionth of 
5 8 an ampere or even less, a moving coil 
galvanometer is used, The current to 
be measured is [ей through а small 
rectangular coil containing many turns 
em. c of fine insulated copper wire (within 
6 LA Ux the casing of the galvanometer) the 
1 terminals of which are connected to 
the binding screws BB (Fig. 286). The 
coil is pivoted and is capable of rotating 
in а amali space between the pole pieces 
of а horse-shoe magnet. When current 
Passes through the coil,a couple tending 
to rotate the coil is set up due to the 
sation of eenei field on current. The 
н stronger is the опг is 
Fig. 266 Mating goll the effect of ie пан 5 Periode 
Galvanome springs control the motion of the coil 

ani keeps it always аб a fixed Position when no current is passing. 
The coil is provided with a metallic pointer moving over a graduated 
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dial ай the front of the instrument. The scale is graduated both ways, the 
centre being zero. The pointer is against the z3ro mark when no current 
passes, Tha deflection of the pointer is an indication of the current 
passing through the coil and the amount of deflection is proportional 
to the strength of the current. In this class of instrument a deflection of 
one scale division corresponds to the order of a millionth of an ampere- 
The value of one scale division in ampere is indicated on the instrument 
or it can be measured also. The value of the current for a deflection 
of n ва Ма divisions is then n times that value. (For details vide Basu & 
Ohatterjee's Intermediate Physics, Electricity, Chapter XIIL.) 


Ammetres and Voltmeters 

Theie are modifled forms of suspended coil galvanometers- An 
ammeter is designed to read the current of a circuit directly in am- 
pere or any fraction of it, while a voltmeter reads the difference of 
potentials between any bwo points of circuit in volts. A suspended 
coil pattern of ammeter is shown in Fig. 267. The construction 
and principle of an ammeter are similar to those of a suspended coil 
galvanometer, only with а difference that the coil is provided with 
a shunt of suitable resistance depending upon the range of the cur- 
rent to be measured. When & current is passed through the instru- 
ment, only a small fraction of it passes through the coil deflecting 


Fig. 267—Ammetor Fig. 268—moving Ooil Voltmeter 


the pointer while the major parb finds а separate passage through 
tho shunt resistance. The scale is calibrated so as to record the 
to5al current. The scale is graduated in one direction only, so that 
it ig necessary to pass the current through the instrument always in 
‘one direction to get any reading. For this reason one binding screw 
is marked + and the other — to indicate high and low potential 
terminals. An ammeter 18 always to be pub én series in the circuit 
to measure a current. Such а type of ammeter is to be used in direct 
current circuit only. It is ineffective in alternating current circuit. 
It is to be carefully remembered that if by mistake an ammeter is 
eonnacted in parallel to а circuit or evin across œ battery of cells 
or mains without adequate resistance, the ammeter coil would burn-out 
causing permanent damage to it. 

A suspanded coil volimeter is identical in construction and action 
excapt bhat there is а resistance of a suitable value conneobed in 
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series with the coil depending upon the range of the voltage to be 
measired. Fig. 268 illustrates the principle of a voltmeter in which 
M represents the magnet and NS the pole-pieces, The coil works 
within the cylindrical gap and is provided with a pointer moving 
over the scale. Б is the high resistance in series with the coil. 
The scale is graduated in volts. It is, therefore, necessary that 
current should be passed through the coil in ane direction, For this 
reason binding screws are properly marked. The leads from the 
volimeter are connected to two points the difference of potentials 
of which is to be measured. Such a type of voltmeter is to be used 
only in direct current circuit. 16 is repeated for a careful remem- 
branoe of the students that an ammeter is to be connected in serie? 
in а circuit to measure its current and а voltmeter is parallel with 
the part of the circuit whose potential difference ig to be measured. 
Farther such instruments must never be used in a circuit, where 
the current or the voltage to be measured, exceeds the limit shown. 
by the dial of the instrument, 

Date— EXPERIMENT 140 

To Verify Ohm’s law with a Voltmeter and an Ammeter 


Theory—If V be the difference of potentials at the terminals 
of а conductor and O the current flowing through it, then so long 
as its temperature ig fairly uniform,— 

O=a constant =resistance of the conductor, 


Apparatus—A high resistance voltmeter (10000 ohm рег volb) 
an ammeter. a rheostat, a coil of wire, a battery of cells, & key and 
Connecting wires. 

Procedute—The terminals of a battery of cella of about б velts 
are connected by wire through an ammeter, a standard resistance of 
about 5 ohms, a key and a rheostat all in series. The high potential 
side of the battery is connected to bhe binding screw of the ammeter 
marked +(Fig, 269), The voltmeter V is connected in parallel acrces 
the standard resistance OD with its high potential end at the + screw: 
The ammeter should have the full 
scale graduation of 1 ampere and. 
subdivided into 100 parts. The 
voltmeter should have a full scale 
deflection of 5 volts and may have 
100 divisions of the scale. The 
Theostat is a slide wire having 
a maximum resistance of abont 
60 ohms. 


The rheostat is во adjusted аё 
to have maximum resistance, and 
the readings of the voltmeter and 

Fig. 269 ammeter are recorded. The resis- 

tance of the rheostat is brought 

down by almost even steps and the readings of the voltmeter and 
ammeter are taken for each step. Since for any particular set, the 
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volimeter reading divided by the ammeter reading gives the resic- 
tance of the coil in ohms, the ratio given in the last column 
should ba very nearly constant.* 


Resuits— 
pcc AC Tq um СЕСЕ Е 


Voltmeter Ammeter of 
No. of Ratio of 
obser: ation Fading: Nf Pee v/o | 
1 1:00 6'20 - 50 | 
2 1:60 | 0:33 50 
3 250 (51 50 
4 3:25 0°62 | 5'1 
5 410 0:88 | 51 
i 


Diseussions—15 is to be noted that ratio is slightly higher for- 
a large current, which shows that resistance incresses with tempe- 
rature. The voltmeter and the ammeter for this experiment should 
be graduated to read a very small fraction of the voltage and current. 
Tt is nofi possible to measure а resistance correct to more than ore place 
of decimals by the voltmeter and ammeter meth ой, simply because dial 
readings for those instruments cannot be taken without а possible: 
error of 1 to 5 per cent. 

- Ohm's law can be very accurately verified if the potential diffe- 
rence be measured with a potentiometer with а standard cell and 
current be measured “ith a copper voltmeter in tho circuit. This 
way of verifying the law is even far superior to the conventional: 
tangent galvanometer method from the point of accuracy. 


Date— EXPERIMENT J41 
To Measure the Resistance of a Voltaic Cell 


Theory—If E volts represent the reading of a higher resistance: 
voltmeter whon connected to the terminals of a cell and E, volts 
the reading of the voltmeter when a resistance of R ohms end an 
ammeter are connected to the coil 
E-E. 

[6 


where r=the intornal resistance of the cell and C=the current in 


amperes аз recorded by the ammeter. 
ee eee 
xThere is apparently some misconception that Ohm’s Law cam 5 

by a combination of voltmeter and ammeter. The argument een eet 
that since the readings of the voltmeter and ammeter depend проп the applica- 
tion of Ohm's Law, how can such apparatus be used to verify the lew in a subsi- 
diary circuit. But the fact is that a high resistance voltmeter takes in so little- 
quantity of current from the testing circuit that it can be safely said that current 
distribution of the circuit does not appreciably change. Further the ammeter has 
so very smail resistance, that there is no appreciable po'ential drop across its 
terminals. In the cireumtances, the two instruments almost satisfy the ideal 
conditions and the verification of Ohm’s law is, within the limits of experimental 
errors, ав accurate as with а tangent galvanometer. ais 


then r= 
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Apparatus— 4A Daniel! cell a high resistance D. С voltmeter 

i; graduated in ‘02 volt, а D.O. amme- 
ter graduated in 0'2 ampere, rheostat 
and а plug key. 

Procedure -Make an electrical 
circuit ав shown in Fig. 270. Con- 
nect the positive end of the volt- 
meter to the positive pole of the cell 
B. QOonneot the negative pole of the 

Fig, 270 cell to the common point of a two- 

way plug key. Connect also the 

other terminal of the voltmeter to another point (no. 3) of the plug 

key. Connect а rheostat and an ammeter (in proper direction) in 
series with the cell through the third point of the plug key. 

Place the plug key as to make а contact between points 1 and 3, 
the point 2 remaining open ‘The voltmeter record gives Е. Pub 
some resistance in the rbeostat and put a recond plug key to make 
в contact between the points 1 and 9. Now read both the ammeter 
and voli-meter. Thus О and E, are known. Take a number of 
values of E, and C each time by altering the rheostat resistance. 
Finally, tabulate the observatiors as shown below. Hence calculate 
y from each set and fini the mean value. 


Re:ults— 
No. of readings | readings | readings =н Mean r 
readings | E, volts | E, volts | O amps. ohm. 
ohm 
1 1 08 1 1'09 "a 4 
3 7 102 18 F “38 
4 | к ve pe *88 
jan | eo] ore e | ET 


ee E ee 

Discussions —The resistance of the voltmeter should be very high 
аз compared to the external resistance R Both the voltmeter 801 
ammeter should have fine graduations to read a small cl ange 0 
voltage and currens. 


ORAL QUESTIONS 


What do you mean by internal resistance of a cell? What are the factors 
governing the internal resistance? What type of cells you would choose for 
electrical exper'ments—a cell of large or small internal resistance ? Why are 
constant e.m.f. cells provided with large internal resistance ? 


Principle of Wheatstone’s Bridge 


Ordiaary electrical resistances are most generally measured by ® 
method of conparison depending upon the principle of Whentstone's 
Bridge, as described below. Four resistances of values figa. and 74 
are connected to form four armi of a quadrilateral having junctions 
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at A, B, O, and D (Fig. 971). The poles of a cell S are connected to 
points A and D through a plug key K and the terminals of a 
galvanometer G are connected to points B and О through another 
key Ks. Leb the larger line of the figure representing ths cell S be 
the positive terminal. When the keys are closed the current on 
arriving ab A, will be divided into two 
parts one passing throi gh 71 and ro back 
to the cell, The otber parts passes 
through 7з and 7, back to the cell. Some 
currant also passes through the galvano- 
meter and the direction of such current 
will depend upon the potentials of 
B and C. 


If now the value of resistance in one 
ог more arms be changed. the current in 
any branch changer. By repeated trials 
of adjusting the resistances & condition 
may be so attained that no current flows through the galvancmeter, 
while the circuit is comrlete. This would be evident from the fact 
that there would be no deflection in the galvanometer. Experiments 
depending upon the condition of no deflection of the. galvanometer 
are called null methods. 

While the cirovit is complete. let the potentials of the points 
A. B, Cand D be Va VB VO and VD respectively. For no deflection 
adjustment VB-— VO. Let C, and Ca be the current passing through 
rı and 7s respectively. Then since no current is passing between B 
and О, current passing through 71 is the same as that through fa. 
Also the current passing throvgh Ts is equal to that passing trough 
74. Then, from Obm’s law,— j 
VA- VB VB- VD 


Fig. 271 


C1 
Ti Ta 
-ya Vo- 
end peeve vo E VO-EVD 
Ts Ta 
Since VB = Уо, then by division 
ДРА ra er a 
O, 7 7s 25s тА 
' , Metre Bridge—It consists of a rectangular wooden board AB 
5, 


TEZA 


Fig. 272—Metre Bridge 


straight uniform wire, one metre in length, is stretched 
{ а metre scale (Fig. 272). The ends of the wire are 
trips fixed to the body of the board. The 


over which а 
by tbe side o 
soldered to two copper В 
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$wo strips have got two binding screws C and D. Another long 
copper strip, having three binding screws Bi, Se and Ss are fixed 
on the board so as not to touch copper strips on either side leaving 
two gaps on either sides. There is a slider J having в sharp metal 
edge resting on the wire and is capable of moving through a groove 
parallel to the length of the wire. It is called the jockey J which 
is also provided with a binding screw. V 

In some other form of metre bridge, there are four air gaps 
batween the copper strips (Fig. 273) suitatle for other experiments. 


Fig. 273—Aoctual arrangement of apparatus 


‘Bui it may also be used for ordinary resistance measurements by 
losing two extra air варз by copper connecting pieces. 

To use а maire bridge for measuring a resistance, the poles of & 
call are connected to the screws O and D (Fig. 272) and tho tsr- 
minals of a galvanometer to the screw Se and the jockey. A known 
resistance is connected between the gap O8, and the known resistance 
at 8.0. Tho copper strips have got negligible resistance, We may 
вау that the point A of Fig. 271 cor-esponds to the copper strip at 
the right end side of Fig. 219, point В to the long copper strip, 
point D to tho loft side strip and point О йо the point where jockey 
‘touchas the wire. Then the resi 
unknown resistance (say, X) inserted within the gap 86.0, 72 to 
Some known resistance of the resistance box (say, В) r, to the 
resistanes of the wire to the right portion of the jockey and rz, bhat 
to the left portion of the jockey. If the zero of the scale begins 
from the lef& and if for a Position of the j 


meier shows no deflection, it is evident from the 
Wheatstone’s Bridge that, 


R _resistance of the length 1 em. of the wire 
X resistance of the length (100 — 2) em. of the wire 


The wire being uniform, the resistance per unit length of the 
"wire is the same. Let it be p, 


В. ы 22 PE 
Them, os 0091» 10073 
100—1 


Whence, X=R к]: ohms, 
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Thus knowing R and the null point on the bridge wire, we can 
find the unknown resistance with a metre bridge. 


Date— EXPERIMENT 142 
To Find the Resistance of a Wire by Metre Bridge 


А Theory—1f в null point is obtained at a distance J om. of the 
jockey with a known resistance R in the lefs gap and an unknown 
resistance X at the right gap of a metre bridge, then 


X-R 100-1 ohms. 


re bridge, & galvanometer, & resistance box, & 


rheostat, commutator. cell and resistance coil, 

Procedare—Gonneot the poles of a call E by wires to the binding 
Sorews a and g of a matre pridge through an adjustable rheostat 
Bh and a commutator O (Fig. 973). Join with a piece of wire one 
terminal of the suspended coil galvanometer G to the binding screw 
4 and the other to the movable jockey. Oonnect a resistance box 
R at one air gap аб points b and с and а coil of wire under exami- 
mation at another air gap 8% points c and f. Before conneotion the 
4erminals of each wire should be cleaned with sand paper and con- 
nections to the binding screws should be tight fo ensure a good 


contact. A representative diagram 
is given ia Fig. 974 while the 
asbual method of connection is 
shown in Fig. 273, (Students are 
required to draw & representa: 
tive diagram of this arrangement 
as shown in Fig. 974). 
Introduce about half the 
resistance of the rheostat and put 
а resistance of а few ohms 
(say, В) in the resistance box. 
Olose the commutator and take 
Fig. 274—Rapresentative Digram 


the jockey to one extreme end of 
the wire and press it to make а contact with the wire. Note the 


deflection of the galvanometer. Then take jockey to the other end 
press it aud note the deflaction, If this doflection be in opposite 
direction, the connections are correct. 

Now slide tho jockey over the wire to a suitable position to get 
the null point, If this point happens to lie near the end of the wire, 
altar the resistance of tha box slightly snd observe the null moines 
In this way, by rapaated trials bring the null point near the middle 
part of the wire. Basause at this part газівбапсә is determined 
with greatest accuracy. Take two readings of the null point for the 
gama Tesistance of the Бох, first оп gradually sliding the jockey from 
left to right and second by moving the jockey from right to left 
dirastion, Now reverse the direction of the current and take two 
readings for the null point in a similar way. The mean of these 


Apparatus—A met 
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four readings represents the null point corresponding to & particular 
resistance of the box. Ohange the resistance of the box slightly and 
in a similar way find another set of four null points. Interchange 
the resistances R and X in the two gaps and record similar sets of 
readings. When the resistances are reversed, then in tbe main 
equation X should be replaced by R and R by X. 


Resuts— 


T 
i Unknown 
NICE Readings of null points Man Koown Rodiitdros 
+ 1 | Reading jresistance| р у 100-1 
l 


be, 
[a Direct Reversed lcm. |R ohms 

cm. em. ohms 
1 56:4 56'5 56°45 5 8'82 
2 3 =e ona 
3 48:8 48:8 48:8 4 3:82 
4 | А E «e T Ys 


Discussions—The mean value of the resistances as experimentally 
determined is 3'82 ohms. The null roints should be obtained ab 
the middle part of the bridge wire to minimise the percentage of 
error in the determination of resistance. The eliminate uncertainties 
of thermo-electric effects the null point is found both for direct and 
reversed currents, A metre bridge is suitable for measurement of 
resistance of a moderate range, neither too high поб too low. 


ORAL QUESTIONS 


What is a Wheatstone’s bridge? Lo 
Wheatstone's bridge works? What Se ка Mis ia ee YE PET 
function of the jockey ? Why is a metre bridge provided with a uniform wire f 
Why is the wire one metre long? Why is the null point to be sought for at the 
middle part of the wiro? Is it suitable for measuring any magnitude of resis- 
tance? What is the praotical unit of resistance and what is its magnitude T 
How із it connected with the O. G. S. unit of resistance ? 

End Corrections—That the ratio of the two resistances put im 
the two gaps of the metre bridge is equal to the ratio of the two 
segments of the slide wire is derived by assuming that the resistances 
of the copper strips and those of various junctions are very negligible 
as compared to the resistance to be measured and that the two ends 
of the slide wire are exactly coincident with the zero and bundred 
centimetre marks of the attached scale, 


But due to the fact that there is some small resistance asscciated 
with each copper strip, various junctions of metals and at she 
soldering contact, as also the metre scale not exactly coinciding with 
the wire end бо end, there are two very small resistances coming it 
on two sides of the null point. Let these two resistances be 2 82 
q respectively, These are called the terminal resistances. If thof® 
resistances be equivalent to a and b centimetre lengths of the bridge 
wire, then these equivalent lengths are called end-corrections. 
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Date— EXPERIMENT 143 


To measure the Resistance per unit length of the Metre 
Bridge Wire by Carey Foster’s Method 
Theory —With electrical connections as shown in the Fig. 275 
if P and Q be nearly equal resistances put in the two inner gaps 
of & motre bridge, R ani S two other resistances in the end gaps 
go that a null point is obtained at a distance 7 on the bridge wire, then 
Po Stleta 
О Е+{(100—-1)р+Ь 
where P=resistance per unit length of the metre bridge wire, a and 


b are any stray resistances 
a) various junctions on 
either half of the metre 
bridge wire. On reversing 
R and S and getting 
another null point аб V, 
We get, 
u yt «D +l'pta 
О 8+(100 -/)0+6 
From the bwo equations, Fig. 275 
Stipt+a n] Rtl'pta 
R+(100 -2)p +b 8+(100—/')р+Ь 
Hence by the process o! componendo-dividendo and simplification, 
R-S=p (/-1) 

Apparatus—Metre bridge, two equal Isngths of similar wire, 
copper connectors, fractional resistance box, suspended coil gelvanc- 
moter, connecting wires, cell, commutator and rheostat, 

Peocedurc—Oonnect with wires the terminals of a cell through 
а commutator and rheostat to the binding screws of the metre bridge 
as shown in the diagram. Connect two equal lengths of wires (3 to 
4 ohms resistance) of resistances P and Q to the gaps. Also connect 


a copper connector and & fractional resistence box at the end gaps 
as shown. Oonneot the terminals of a galvanometer bstween the 
middle binding soray ang. ihe joer: j 

Take out certain fractional resistance of the box and fin 
point on the bridge wire. If the null point be near ne MES 
part, take out а higher fractiozal resistance to shif& the null point 
towards the end. Select such & resistance that the null point is 
obtained as near to the end as possible, Note the null points for 
direct and reverse ашыш 

Now interchange the copper connector and the resist 
without altering the resistance of the box. Take again two NAI 
points one for direct current end the other for reversed, 


Р. Р./25 
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Take two or three sets of observations slightly altering the 
resistance of the box and tabulate the observations in the following 
Way. 


Results— 
Resistances Null points om, 
No, of 4 ohm 
Readings cm, 


Current} Current 
Direct | Reverse 
6 0 24'8 24'8 24'8 

Н TET 748 7475 '012 


Mean 


“1 43 415 
958 | 959 | 9585 | 019 


Discussions—The electrical contacts between various resistances 
must be very good, as otherwise faulty readings would be obtained. 
Nall points should be near the ends of the wire so as to include 
largest possible portion of the wire under investigation. 


ORAL QUESTIONS 


What is the prinolple adopted in Oarey Foster’s method of connection? 
Why do you use a fractional resistance box? Why are two nearly equal resis- 
tances used as ratio arms ? What is the end correction? How do you eliminate 
the end correction ? 


Electrolysis 


When electricity is passed through a solution containing .a salt 
solution or an acid, а Sort of molecular decomposition takes place which 
is called the ionic dissociation. Bach dissociated part containing 82 
atom or а group af atoms is found to be eleotrically charged and is 
called an ion. The process of decomposition of a compound by electric 
current is called electrolysis and the vessel in which electrolysis 18 
carried out is called a voltameter. The current is led into the solution 
by а conductor which is oalled the anode and the other conductor 
by which the current leaves the solution is called the cathode. Tbe 
ions, which appear at the anode or positively charged electrode 
must be charged negatively. For this reason they are said to be 
electro-negative in character. Similarly, ions appearing at the cathode 
are electro-positive in nature. All metallic radicals as also hydroge? 
are electro-positive in character. For further study vide Basu 
Chatterjee's Intermediate Physics Vol. II, Electricity). 


Faraday's Laws of Electrolysis 


As a result of investigation on the behaviour of solutions tO 
electrolysis, Faraday derived the two following laws of electrolysis : 

(i) The amount of an ion liberated from an electrolyte at each 
electrode is proportional to the quantity of electricity which 298865 
through 4t. 
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(4) If the same quantity of electricity passes through several 
electrolytes, the amounts of ions liberated at different electrodes are 
proportional to their chemical equivalenis, 

To explain the laws, suppose that Q amount of electrical charge 
flowing in ¢ Seconds deposits a quantity W of an ion from an elec- 
trolybe, then from the first law, W°Q. Bat the quantity of charge 
Q is the proijuct of the current O produced and the time ¢ for which 
the current flows. Therefore 0 = 01. 

or, WO: or, W=Z0t 

where Z is a constant depending on the nature of ion deposited. If 
0=1 ampere and ¢=1 second then Z is numerically equal to W and 
is called the electro-chemical equivalent of that ion. Thus electro. 
chemical equivalent of an element is the amount of ion of that ele- 
ment liberated when 1 ampere of current is sent through the eleo- 
trolyte for 1 second or when 1 conlomb of charge passes through 
the electrolyte. 

If the same amount of charge flowing through a number of 
electrolytes liberates Wi, Wa, Ws etc. grams of various elements 
having chemical equivalents mi mz, ms etc. then according to the 
second law,— 

Wi! Wa! Ws itm my mamas 
The chemical equivalent of an element is the mass of the element 
whioh would combine with or replace 1'003 gm. of hydrogen. For an 
element, its chemical equivalent is numerically equal to its atomic 
weight divided by valency. For silver the chemical equivalent is 
103. for oxygen 8, eto. taking the atomic weight of hydrogen to be 
1°008. Б 


Date— EXPEBIMENT 144 


To determine Electro.chemical Equivalent of Hydrogen 
with a Hoffman's Voltameter 


Theory—If m gm. of hydrogen is liberated from acidulated 
water due to the passage of C amperes of current for a period of ¢ 
seconds, and if Z be the eleotro-chemical equivalent of hydrogen, 


then 


In fact the mass of hydrogen liberated is caloulated from its volume 
collected in a graduated cylinder at ‚в known femperature and 
pressure. The nature of calculation is shown for simplicity in the 
result porbion. 

Apparatus—A Hoffman's voltameter, a galvanometer, a key, a 
battery of cells. 

A Hoffman's voltameter consists of three interconnected vertical 
tubes of which the two side tubes are graduated in aubio centimetres 
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and are provided with gas tight stop-cocks (Fig. 276) The middle 
one ends in a funnel. Two platinum electrodes are sealed into the 


outer tubes from the bottom. 


Method —Fit up the Hoffman's voltameter in the vertical position 


Rh 


Sot 
роо | 


Fig. 276 


with suitable clamps. Take a beaker nearly 
Вел with water and add a few drops of 
sulphuric acid. The purpose of acidu- 
lating water is to make it electrically 
conducting, since pure water is almost 
а non-conductor of electricity. Open the 
two taps of the side tubes and pour 
acidulated water into the funnel of the 
middle tube until water nearly overflows. 


Now connech the electrodes of the 
voltameter through a key, a battery of 
cells, a rheostat and an ammeter as 
shown in the diagram. Cilosa the stop- 
cocks and switch on the current. 
Bubbles of gas are observed to go up 
and accumulate at the tops of the tubes. 
If the bubblings are боо rapid inoronse 
the resistance of the rheostat until 
bubblings are moderate. When the water 
levels of the side tubes come down 


to occupy the graduate] portion, stop the electric current when 


} bubbling ab once сэазев. 


Read the levels of water in both the tubes 


Vand wait for some time to check the readings. If the readings do 
‘no’ alte-, then the stopcocks are gas-tight and there is no leakage 


from the tubs. 


. Read the water lavels of the tubes accurately. 1f the water 
‘fevals ara too down inside the tubes, the stop-clacks may be partially 
opened when a portion of the gas would escape and the levels woul 


;eome up to convenient heights. Switch on the curren 
‘tansously starb tha stop-clock. Read the current as recor 


t and simul- 
дей in the 


arameter. Gass3 are found to be collected in the tubes at different 


‘rates. The gas which is more collected is hydrogen evolving а 


4 the 


1 cathode. Make the current flow until the level of water within the 
hydrogen tube comes near the bottom but within the graduated par. 
í Switch off the current and at once stop the clock, Read the time 
on the clock and the level of water in the hydrogen tube. Record 
the difference in water levels of the middle and hydrogen tube. 
Insert a tharmometer through the funnel tube into water and 
read the temperature of water. Finally read a Fortin's barometer. 


Results — 


Qurrent recorded b 


y ammeter=c amp. 


Time for whioh current flows and hydrogen is collected — веб. 
Volume of hydrogen collected = V с.о, 
Difference in water levels =h om. 
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Temperature of water =60°0. 

Barometric pressure = Р om. of mercury. 

Since hydrogen is ccllected in a clcecd tube containing water, 
there is saturated water varcur along with tke рав. £o prerevre 
in the tube=pressure of hydrogen + pressure cf water vepcur. Біра 
out from a Table the salurated pressure of water vapour ai 0 O ad 
call it pı. Let the pressure due to hydrogen be P, 

h t h 
Then, P+ Z--p* -P4- 
en 13:6 pt, whence p-P iré Pı 
It Vo be the volume of hydrogen at N.T.P. then frcm gas laws,— 


Vox76_ VXp 2 Vxpx373 
aza ^ 3784.0 "189 Vo“ C7340) x76 
Now 1 с.с. of hydrogen at N,T.P. weighs 00009 gm. 
du Vo с.о. " m » Vo х '00009 gm. 
= V Xp X 273 x '00009 
(273 +0, x76 
2m _Ухрх973 х '00609 
Thus, Я "Т (aid +0, x T&x ct 
Discussions—The voltage of the battery should be ‘sufficient to 
electrolyse acidulated water. Fors satisfactory electrolysis, it should 
be 6 to 10 volts. The current strength should be so adjusted that 
the period o! collection of hydrogen be 10 to 15 minutes for accuracy 
of result. The stop-clocks should be thoroughly guarded against any 
leakage. The ammeter should be capable of reading upto ‘02 or '01 
of an ampere, 


m gm, 


gm /coulomb. 


ORAL, QUESTIONS .« 


Define electro-chemical equivalent of an element. What is its relation with 
chemical equivalent? What, is electolysis and how does it take place? Why 
do you acidulate water in electrolysing it? How do you find the pressure of 
hydrogen gas within the collection tube? What is the vapour pressure of water? 
Is it the same at all "temperatures ? Suppose уоп are supplied with e.c.e, of 
hydrogen; can you utilise the principle of electelysis in measuring а current? 


Copper Voltameter 

This is & simple apparatus for measurement of elcetrio current 
depending upon the electrclysis of copper sulphate 
solution. Fig. 217 represents а practical form 
of copper voltameter. G is а glass iot containing 
the copper sulphate solution ard provided With 
an ebonite lid. The anode consists of two copper 
plates AA connected together and haying a binding 
sorew B at the top of the lid. The cathode is a 
single plate of copper K placed in between the 
anode plates and is projected a little through a hole 
in the lid. Another binding screw is fixed at 
this projected part, The cathode plate can be 


Fig. 277 
. taken out of the voltameter whenever require. On parsing 
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electric current through the solution, copper is deposited on the 
cathode, which is the negative terminal. Hence the cathode plates 
continuously increases in weight as long as the current passes. The 
weight w of copper ions deposited on the plate is given by the 
following equation, 
w= бг 

where C=current in amperes. 

t= period of current flow in seconds. 

2™electro-chemical equivalent of copper. which is the amount 
deposited when one ampere flows for one second, 

A copper voltameter is used in determining the constant of а 

Tangent Galvanomoeter. 


Date— EXPERIMENT 145 


To Determine the Reduetion Factor of a Tangent 
Galvanometer 


Tkeory—If в current of О amperes flows through a properly ad- 
justed tangent galvanometer producing a steady deflection 0 of the 
needle, then C=10K tan 0. The constant K is called the reduction 
factor of the tangent galvanometer and is equivalent in magnitude 
бо the current producing a steady. deflection of 45^, 

If this ourrent is made to pass through a coprer voltameter for 
¢ seconds producing thereby an inorease in weight of the cathode 
plate by w gm., then 


0=-0 210 Е Заве ae 
7 K tan 0, where K Dozi tan 


Apparatus—A tangent galvanometer, a copper voltsmeter, 
balance, weight box, a rheostat, a stop-watch, a commutator, 9 
Storage cell and some connecting wires. 


Procedure—Oonnect the positive terminal of a storage cell Е #0 
the anode of the copper voltameter and its negative terminal to FE 
binding screw of a commutator О, Join the cathode or the deposition 
plate of the copper voltameter V through a rheostat R бо the ЫЕ 
binding screw of the commutator 88 Shown in Fig. 278. Join the 
leads from а tangent Balvanometer G to other terminals of the 
commutator. Pour copper sulphate solution into the voltameter ро 
until the plates are wholly immersed. 


Now level the galvanometer in the following way. Place a spiri 
level on the top glass cover parallel to the line joining two of tb? 
levelling screws and bring the bubble at the centre by adjusting 8DY 
one or two of the screws. Place the spirit level at right angles £° 
its previous direction and again bring the bubble at the centre py 
adjusting the third sorew, When the galvanometer is property levelle! 
the needle becomes free to oscillate. Rotate the circular coil abo”! 
the vertical axis so that the pointer of the needle reads 0°—0°. Clo? 
the commutator circuit and adjust the resistance of the rheostat 
such that the deflection of the galvanometer needle is very neat 


С 
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45°. Мэт reverse the опггәпё and observe the deflection. If the 
deflaction is very much different, it indicates that the plane of the 
galvanometer coil is not parallel to the magnetic meridian or that 
there is some twist in the suspension fibre of the needle. Proper 
aljastment should be made so as bo obtain equal deflection on both 
the sides on reversing the current. 

Take out the cathode plate of the voltameter and rub it thoroughly 
with sand paper. Wash it with dilute nitric acid, then with caustic 
soda solution and finally with distilled 
water, After oarefally drying under 
air blast co as to remove all traces 
of moisture, weigh it in a balance 
very accurately. The weight should be 
taken either with the method of 
oscillations or with a rider. Let the 
weight be Wi. Now put the cathode 
plate within the voltameter. Olose the 
commutator and simultaneously start " 
a stop-watch. Note the deflection of 
the needle. Pass the current for half- Fig, 278 
an hour reversing its direction with the commutator every five 
minutes. Note the deflection of the needle every time just before 
the reversal of the current. 

After stopping the current take out the negative plate. wash it 
under a mild current of water. After again drying it under a fan, 
accurately weigh in а balance. Let it be We. The difference of the 
two weights gives the amount of copper deposited, which is, say, w. 
Then knowing the electro-chemical equivalent of copper, which is 
0'000529, find from the formula the average current through the 
voltameter. Finally, from the equation O=10K tan 0, calculate the 
value of K, Here 0 is mean deflection. 


+ 


Results 


Initial weight of the copper plate — W; gm. 

Final weight of the copper plate = We gm. 

.. weight of copper deposited — W.-Wi=w gm. 
Time during which ourrent flows = secs. 


б= E 
0 000339 x ¢ 
Deflection of the needle every 5 minutes=61, 05, 05. 04, ө, 
Hence mean deflection = 0 
w 
“10 х 00008399 x ¢* tan 0 


Discussions—Proper care shotld be taken to connect the nega- 
£lve end of the circuit to the cathode of the voltameter. If the 
connection be reversed the cathode plate becomes blackened. Be- 


amp. 


K O.G.8. units. 
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fore passing the current the cathode plate should be made entirely 
free from oil or grease for-a steady deposition of ions. The current 
passed through the voltameter should never exceed the maximum 
limit assigned to a particular voltameter. The current should be 
passed for a considerable pe:icd for a measurable quautity of de* 
posited ions. The weight of the cathode should be taken each time 
very accurately, ё 


ORAL QUESTIONS 


What is the reduction factor of a tangent galvanometer? What is the 
principle of action of a copper voltameter? Is there any direction in cennect- 
ing a copper voltameter in a cirouit and why? Why a voltameter is used in 
such a circuit in perference to an ammeter? It is possible to find the reduc" 
tion factor absolutely from the specification of а galvanomoeter? What is meant 
by e.c.e. of a substance? What is the relation between chemical equivalent and 
electrochemical equivalent of an element ? 


Date— EXPERIMENT 146 
To Measure a Resistance with a Tangent Galvanometer 


Тһеогу— the deflection obtained with a tangent galvanometer 
meter in a circuit does not change when an unknown resistance ab 
any part of the circuit is replaced by a known resistance, all other 
conditions remaining unchanged, then the unknown resistance i8 
equal to the known resistance. 


Apparatus—A tangent  galvanometer, baltery, a rheostat, ® 
commutator, a resittance box, a three-way key and an unknown 
resistance coil, 


Procedure—Make the circuit as shown in Fig. 279 in which B 
represents the battery, Rh the rheostat, K the commutator, G the 


tangent galvanometer, T the three- 
H ` way plug key, R the resistance box 
B Rh and X the coil whose resistance 18 
S K to be determined. Pub the coil x 

3s 


of ША руп resistance into e S 
cuit by the three-way key 8n 4 
S VN 5 serve the deflection of the galvano- 
(2) ы Эн meter. If the deflection is too large 
[ARS or too small, adjust the rheostat #0 
Fig. 279 get a measurable deflection. Бев 
B i the deflection accurately avoiding 
parallax. Next introduce the resistance box R into the circuit 
three-way key, and by repeated trials insert a resistance from 558 
box во ag бо get an equal deflection. The rheostat during this 0р6" 
rabion must nob be disturbed. Reverse the current and take similiar 
set of readings. Then the mean value of the known resistance 
equal to the unknown. 
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Results— 


Deflection of 


Current | Pointer Mean | Resistance Sees 
No. of DI SE 
TS rect or deflec- unknown КЕБЕ 
Reverse -| end A end B tion ohm cz 
1. 
2. 
3. 


Discussions—Resistances, whose values are considerably large 
cannot be accurately determined by the method of rubstitution. 
Although the galvanometer can be set for any deflection, it ought 
to be adjusted for a deflection of nearly 45°, ab which it gives most 
accurate results. 

Datc— EXPERIMENT 147 


To Compare two Resisiances with a Tangent Galvanometer 


Theory—If а resietance Ri ів connected in a series with a 
tangent galvanometer of resistance G^ and а cell of emf. E and 
internal resistance 7, producing a deflection fı, then according to 


Ohm's law. 
E 


Rit+Gtr 
Again if the resistance Бу is replaced by another resistance Re 
producing a deflection 0s other things remaining unaltered, then 


=K tan 0s 


=K tan 0: 


cae Hl ды] 
RatGtr 
From the two equations, 
RotGtr_ten ^; y 
В,+@+т tan 02 Ei - (1 
Knowing G, f, 0: and 0з the ratio R&,/Ri is found. In fact. 
y ig small as compared to В +@. then, 
G+Ro _ tan 01 
G+Ri tan 0а ae e.. (2) 
Apparatus—A tangent galvanometer, в commutator, a battery, 
a three-way key, two resistance coils and some connecting wires, 
Proc: иге —Маке the arrangement of apparatus exactly as im 
the preceeding experiment, the known and unknown resistances, 
being replaced by two resistances Ri and Re and the rheostat is 
dispensed with, With Rx in the circuit, note the deflections for the. 
two ends of the needle of the galvanometer with direct and reversed 
currents. Repeat the same operation with Re in the circuit, If r 
is actually very small, then from equation 9, find the ratio of Rg, 
and R, having given the value of 9. If 9 and r are supplied, 
equation 1 may be applied. If G and r are reqvired to be deter- 
mined, then proceed on with the experiment similar to the varifica~ 
tion of Ohm's law from which G * is known. 
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Results— 


—————— M 


Deflection of Needla е, o 
Mean а 
йо: Белые Direct Reverse Deflec- | 8 "m 
tion in’) ру [es 
End I | Ena II | Enà 1 | Ena II 
1$ В, к. 
2. ” 
8. 33 
4. Е, 
5. » 
6. " 


Discussions—This procedure is suitable when В; and Re are пой 
very much greater than each other, If В, > >Ra then 04 is much 
greater than 0, and hence argles cannot be measured with an equal 
‘order of accuracy. For a fairly accurate measurement of the ratio, 
de resistance of the gaivanometer should be taken into conside- 
ration, 


ORAL QUESTIONS 


How does a tangent galvanometer work? What is the reduction factor t 
‘What are preliminary adjustments of a tangent galvanometer before working with 
16? How can you ‘measure current in amperes with a tangent galvanomoter ? 
What is the galvanometor constant? How does this method differ that from of 
"Wheatatono's Bridge ? 


. Suspended Coil Galvanometers 


These galvanometers belong to the most sensitive types oapable 
‘of the measuring millionth рагі of an ampere or even less. e 
apparatus consists of а small 
rectangular metal frame 
on which а coil of fine 
insulated copper were i$ 
wound (Fig. 980). Оде 
terminal of the coil И 
soldered to a fine strip ¥ 0 
phosphor-bronze alloy by 
which it is suspended from 
a metal beam. The ана 
terminal of the coil 1 
connected to a fine meta 

Tig. 280 Fig, 281 spiral S. The upper heat 

з and the lower metallic 70 

ате connected to two binding screws at the base of the insbrumen 
(Big. 281). There is a small mirror m fixed at the top of the coil. 

The coil is suspended freely in а cylindrical space within tbe 
pole pieces of а strong horse-shoe magnet М, the pole pieces © 
which are out into а concave cylindrical shape. А soft iron oylinde" 
R is placed symmetrically within the coil without touching ib and ів 
kept in а position by а frame at the back of the instrument. e 


\ 
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whole system is preserved in a cylindrical metal cover B having а 
round glass window W which is placed opposite the mirror, 

In order to work the instrument, it is at first levelled so that 
the coil swings freely. А lamp and a scale are adjusted such that а 
baam of light from the lamp after being reflected by the mirror M 
is focussed on the scale. If а current is now sent through the coil 
the latter would rotate in proportion бо the strength of the current 
which is indicated by the movement of the spot of light. If O be 
the current strength and d the deflection on the soale, C is 
proportional to d, that is, O-—kd where k ів а constant 
depending on the type of the galvanometer. [For the principle of 
action vide Basu & Ohatterjee's Intermediate Physics] 

Since the instrument is designed to detect and measure a very small 
current (107° to 107? ampere), parts of the galvanometer particularly 
the suspension strip and the fine spiral are liable to burn out by a 
current in case of careless handling. Students are particularly 
warned against such а damage of the galvanomeier during their 
course of experiments. To ensure some safety, a galvanometer is 
very often used with a shunt, the purpose of which is to divert a 
small fraction of the current through the galvanometer. 

The pattern just described is known as D' Arsonval type of 
galvanometer, There are other varieties of suspended coil galvano- 
meters, But in general, the principie of action is same; but their 
gensitiveness to ourrent and potential difference  ohanges with 
pattern. 

Galvanometer Resistance and its Measurement, 


By the term galvanometer resistance, we mean the resistance 
of the coil of the galvanometer including the suspension strip and 
the balancing spiral. Depending upon the type of the galvanometer, 
the recistarca may be of any value between б ohms to about 
2000 ohms. There are various methods of measuring galvanometer 
resistance, of which a very simpie method is given below (Fig. 289), 

As is evident from the diagram, the cell of emf. E sends a 
current through a commutator K into the circuit consisting of а 
resistance box in which a resistance Б; is put. The circuit also 
contains a small resistance 7 having at its parallel another resistance 
box having a resistance R and a galvanometer of resistance G, 

The equivalent resistance of С and R is G--R. If P be the 
equivalent resistance of G+R and r, which are parallel resistances, 
then ^ 

des T RISE GEHE" _(G+R)r 
РН р GER (Che Р сапар оз АШ) 

Now if we make r negligibly small as compared to G, R 
having any value, the denominator of equ. (1), may be pub equal 
to G@+R. Then the value of P=r. Let @+R be Ri. Thus the 
ourrent O flowing in the circuit is given by, 


O= being independent of any change of В. 


E 
Ritr 
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The potential difference at the ends of r is evidently Cr, Call 
this pobe:tial difference V. 
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To Measure the Resistance of a Galvanometer 
with Half deflection Methcd 


Thecry—Ift a galvanometer of resistarce G is coxnected in 
series with а resistance box R and if the combina- 
bion is connected in а circuit in parallel with a 
low resistance shunt 7 such that the equivalent 
resistance of the circuit is very nearly equal to 
that of the shunt, then, on passing a suitable 
current through the combination, we get, 


Q7 K0- Kd 


where V=potential difference across the shunt, 
d=deflection of the spot of light on the galvanc- 
meter scule when there is no resistance in the box. 
Fig. 283 If now, on inserting a suitable resistance R ohms 
2 in the resistance box, the deflection becomes half 

the original value,— 


YE D ur d 
Then G+R Kg Eig 


Combining the two equations, we get G=R, 

Apparatus—A suspended coil galvacometer, a resistance box, 
a fractional resistance box, a rhcostub, commutator, cell and coznect- 
ing wires. 

Procedure— Make the circuit connections as shown in Ње 
Fig. 282, r representing a fractional resistance box used as a shunt 
R the resistance box in series with the galvanometer, K the 
commutator, Rı the rheostat and E an exide ceil. 

Put the rheostat to its highest possible value and make the 
series resistance R zero. Then make ihe resistarce in the fractional 
resistance zero and complete the commutator circvit, No deflection 
of the galvanometer is observed, Now take out a fractional 
resistance such that the deflection of the galvanometer is between 
10 бо 15 cm, on the scale. Now adjust the series resistance R 0 
a value so that the deflection of the galvanometer becomes exactly 
half. Then the resistance so adjusted is equal to the galvanometer 
resistance. Reverse the current and get similar rcadirgs, Tabulate 
the readings as shown in the table. 

Again give the series re:istacce R a zero value and change the 
shunt resistance slightly tO as to get another deflection on the ecale« 
Now adjust the series resistance to make the deflection balf. In 
this way take a number of readings and find the mean value of the 
resistances so found, 
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Results— 
————————— 
Noor Resis- Resis- Resis- | Detiec- Mean 
Readings Current tance tance tance tion Resistance 
R, ohms.| r ohms. | R ohms. em. , ohm. 
la direct 800 gi 0 62 
1b » " 101 3'1 
2a reverse ө s.. ose eee 100 
8a direct 250 "05 0 76 


8b oo » > 100 8`8 


———————————D 


Discussions—The resistance which is used as a shunt of the 
galvanometer circuit shoul: be so small as nof to sensibly alter the 
potential drop across it for any change of series resistance R used 
with the galvanometer. Hence the lower is the value of r, the 
more accurate is the result. 


ORAL QUESTIONS 


What do you mean by the galvanometer resistance? Is it a fixed quantity 
for all galvanomoters? What is the difference between a suspended magnet 
galvanometer and a suspended coil galvanometer ? Can you apply the half deflec- 
tion mothod to find the resistance of a tangent galvanometer, if not, why ? What 
type of a galvanometer is more sensitive to deflections,—a ga'vanometer having a 
highor resistance and the other of lower rezistance, other specifications being 
same ? 


Post Office B»x—For a direct measurement of rasistance а 
| Post Office Box is used (Fig, 283). It is difficuli to say why the 
| name Post Office Box was given to it, Bat it may be surmised 

that the method is so mechanical that with a little practice, a lay 
man can work wl.h 16. 


Date— EXPERIMENT 1:9 


To Measure the Resistance of a Wire using 
Post. Office Box 


Thoory -If a null point is obtained with a resistance v, in the 
arm Q and а resistance fa in the arm P and if v, be the reg'stance 
in the third arm R. then the unknown resistance S is given by 

$=", 
Ti 

Apparatus—A.P.O. "ох, a rheostat, cell, galvanometer and an 
unknown resistance. 

A P.O. box consists of а number of fixed resistances all connected 
in series much the same Way as & resistance box of larger буре. 
The gronp of resistances may be divided into three parts P, Q and 
R, called the arms of the P.O Вох (fig. 284). The first two arms 
P and Q are identical in construction, each containing a series of 
resistances 10,100 and 1000 ohms. interconnected by thick metal 
ghuds, as shown by black parte. These arms are called ratio 
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arms, There is a binding sorew at each end of the ratio arms. 
The third arm Б contains a number of 
resistance coils usually ranging from 1 
to 4000 ohms in such steps that any 
integral value of resistance from 1 to 
10,000 may be introduced in this arm. 
The free end of the third arm at B is 
provided with another binding sorew. 
There are two tapping keys Ку and Ky 
аб the bottom provided with binding 
sorews at D and A, which on being 
depressed make metallic contacts with 
the points D and A respectively. 

Fig. 238 Р.О. Box Procedure—Connect the terminals of 
the resistance B to be measured to the points D and B of the P.O. 
box and connect terminals of the galvanometer between B and A' 
(A' being connected to the point A through the tapping key Ks 
(Fig. 284), Shunt the galvanometer with a small resistance coil if 
necessary. The poles of the cell E are connected through an 
adjustable rheostat Rh to the points O and D'. (D' being connected 
to the point D through a tapping key Kı). 


Take out resistances 10 and 10 from the ratio arms and put the 
maximum possible resistance in the rheostat. Press the battery key 
К, and then press the galvanometer. Next take out the highest 
resistance in the third arm and press the keys in & similar manner. 
If iby deflection bs in opposite direction then the connection is 
correct, 


D 


SENE # s 
100 209 5; ec 
m 2m ani ind id 
2010 5 fy 379 А 
c+ | Ва vm 


Fig. 284—Oonneotlons of a P. О. Box 


By trial find а resistance, say Бү, in the third arm, such that 
there is no deflection in the Balvanometer when you close the 
сігопібв. Then the unknown resistance 8 ів given by 
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If you have not obtained the null point with any resistance ora 
group of resistances in the third erm, then the unknown resistance 
is partly integral and partly fractional. Then there must be two- 
consecutive integral values of resistances in the third arm between 
which the resistance B lies. By trial find any two consecutive 
resistances in the third arm for which the deflections of the galva- 
nometer are in opposite directions. Let these resistances be R and 
R+1. Now take out the resistance of 100 ohms instead of 10 in the 
arm P. The null point should occur when the resistance in the. 
third arm is of some value between 10R and 10(R+1): let this 
value be say Вз. Then the unknown resistance is given by,— 

210 
100 

The resistance is thus found correct to one decimal place. 

If you have no& yet obtained the null point even at this stage 
then you would get two consecutive resistances say Rs and Rs+1 
for which the galvanometer will be deflected in opposite -direotions. 
Now take out resistance of 1000 ohms in P instead of 100. If now 
the balance point is obtained with resistance Б, in the third arm.. 


then 


1 
Ва or В io P? 


10 1 
8 100074 or 8 ioo™ 


The resistance found is correob to two places of decimals. 


Results— 
Коры Бы эь ——— 
Resistance in ohms 
——— mM Dirsotion Inference 
186 arm | 2nd атш | 8rd arm | Defleotion Third arm resistance is 
Q D R 
10. 10 ec right too large 
» 0 left too gmall 
^ -. connection is correct 
» » 50 right too large 
E m 10 n » 
» ” 5 ^ " 
Р Ж Р] lett too small 
Н 5 8 right ioo large 
4 Resistance? 9 and<8 
10 100 80 right too large 
» » 20 lett too small 
^ 5 25 lett 3 
> и 98 right | too large 
A A 26 right E 
Resistan 2 25 and «9'6 
10 1000 260 right too large 
y n 250 lett too small 
$i эў 255 lett я 
$ 5 258 right too large 
" 5 267 right i 
256 null Resistance-— 2:56 ohms 


400 INTERMEDIATE PRACTIOAL PHYSIOS 


Discussions—This method of measuring a resistance gives & 
greater accuracy than the ordinary metre bridge method. If the 
galvanometer is too sensitive then even with a ratio 1000 to 10 the 
exact null point may поб sometimes be attained, To get the accu- 
racy still farther a method known as the method of deflection may 
be applied to get another decimal place but this method is outside 
the course of Intermediate standard. 


ORAL QUESTIONS 


What is the principle on which a P. O. Box works? Where are the arms 
of the box? What are the functions of the ratio arms? Whore are the resis- 
tance coils? How is it that when a plug is taken out, the corresponding resistance 
is introduced into the circuit? What for are the two tapping keys? Is there 
any pranon regarding pressing of such keys? Can you suggest why it is called 
a P. O. Box 


Measurement of Electromotive Forco 


Potential difference between any bwo points of a circuit carrying 
& current ig ordinarily measured with a moving coil voltmeter. It 
muss be remembered that some current, however small it might be, 
is taken by a voltmeter to record any deflection. The voltmeter, in 
taking up & little current from the circuit, alters the distribution of 
current in it and causes the potential difference fo be changed by в 
little amount, The higher is the resistance of the voltmeter, the 
less is the current parsing through it for a given potential difference 
and henes the less is the change of the distribution of current 
through other parts of the circuit. In this sense an ideal voltmeter 
is one whose resistance is infinitely large. An electrostatic voltmeter 
of which quadrant electrometer is a type satisfies this condition. 
But this class of instruments cannot be used accurately for low 
voltaga measurements. 


Potentiometer—This apparatus ig used for comparing electro- 
motive forces of cells or potential differences of different parts of 


> SSS 


Fig. 285—Potentiometer 


electrical circuits 16 takes no current from the circuit under 
examination causing thereby no change in the current distribution 
and hence it can measure the true value of the em:f. or potential 
difference. Р 

Jt consists of rectangular wooden board on which & number of 
wires of Uniform cross-section, each one metre long is stretched 
parallel to each other (Fig. 285). They are joined in series by means 
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of copper or brass strips so that the combination behaves as а single 
piece of wire of a length equal to the sum of the lengths of all the 
wires. Тһе free terminals of the first and the last wire are provided 
with two binding screws. There is a raised platform at one edge of 
the board on which & metre scale S is fixed and is placed parallel to 
the wires. A jockey J, fitted with an adjustable tapping key, prc- 
vides & contact ай any point of the wire. The jockey always 
moves in contact with а brass strip to which is fixed a binding 
screw. 

Principle of Measurement of E.MF. j 

The principle of working of а potertiometer can be best under- 
stood, if we examine itg mode of connections in an electrical experi- 
ment. Leta cell of em.f., E be connected to the ends of the 
potentiometer wire as shown in Fig. 280. А resistance box or a 
rheostat with a key is included in this circuit. This is called the 
primary oirouit. When the key is closed, а current passes through 
the potentiometer wire and this currert is known from a knowledge 
ofthe e.m.f. and the resistance of the circuit. 

Since the wire of the potentiometer is uniform, the resistance of 
the potentiometer is proportional to its length. If L be the total 
length of the wire (usually 1000 om.) and if p be the resistance per 
unit length of the wire and further if 7 be the resistance introduced in 
the rheostat, then current O in the primary circuit is giveu by, 

слан HT 
Lp+r 1000p*r 
The difference of potentials v per unit length of the potentiometer 
wire Cp. Taking A to be the positive potential end of the cell, the 
difference of potentials continuously increases from this point 
towards the other end of the wire, The maximum potential drop 
at the ends of the potentiometer wire is given by, 


E 
Ох 1000р 1000p +7 х 1000р = 10000 


‘The potential drop per unit length. of the potentiometer wire is 
called the voltage sensitivity of the bridge wire. 


Date— EXPERIMENT 150 
To Compare the Electromotive Forces of two Cells 
with a Potentiometer 


—]t 1, is the distance of the bridge-wire at which a null 
ained with а cell of e:m.f. е. and le is the corresponding 
her cell of emf. és, then 


Theory: 
point is obt 
distance with anot 


es ls 
owing any one of the e.m.f.s. and the ratio of the lengths, 


pute be determined. 


the other e.m.f, can 
P.P./26 
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Apparatus—A potentiometer bridge. a storage cell, a rheostat, 
plug key, galvanometer. Daniells cell. Leclanche's cell, a three-way 
key and an adjustable high resistance. 


Procedure—OConnect the positive pole of the storage cell E to the 
first terminal A of the potentiometer wire and negative pole to the 
other end through а plug key and a rheoatat 7 as shown in Fig. 280. 
Connect also the positive poles of the cells to be compared, usually & 
Daniell's and a Leclanche's cell fo the same point A and their negative 
poles to the two binding screws of a three-way plug key К. Connect 
the common point of this key with a vire бо one end оѓ а galvano” 
meter G. Connect the other end of the galvanometer to the jockey B 
of the potentiometer through an adjustable high resistance R. 

To begin the experiment put the rheostat to its minimum value 
and adjust R to a high resis- 
tance. Close the key of the storage 
cell circuit and insert the plug 
of the three-way key so as to 
include the ое] of emf. e; ір 
the galvanometer cirouit, Shift 
the jockey very near А and prese 
it so as to be in contact with 
the wire. Obzerve the direction 
of deflection of the gslvanome- 
fer. Suppose the deflection is to 

Fig. 286 the left, Now shift the jookey 

to the other end of the bridge 

wire and press it again. If the deflection happens to be in opposite 

direction, that is to the right in this case, then the cell of e m.f. б> 

is properly placed in the circuit. If it is otherwise, either the poles 

of the cells E and e; are connected wrongly or that the cells have 

been interchanged by mistake. A similar examination of the other 

cell of e.m.f. вг ig necessary by changing over the plug of the three 
way key. 

After ascertaining the condition that opposite deflections are 
obtained at the ends of the bridge wire with either of the cells, pU 
the plug of the three-way key so as to include one cell in the circuit. 
By trial find the null point somewhere on the bridge wire and take the 
reading. Similarly, find the null point for the other cell. The cell for 
which the null point reading is greater has a higher emf, If you 
observe that both these null points happen to lie on the second oF 
third wire of bridge, slightly increase the resistance of the rheostat 
во that the null point corresponding to the cell of larger o-m.f. i8 
shifted to sixth or seventh wire. 

Now find the null points of the two cella accurately by bringing 
down the resistance in R to zero, without changing the resistance 0 
the rheo: tat. s 

Let 1, be the length of the wire at which the null point is obtained 
for the Leclanche’s cell cf e.m.f. e, and la that corresponding to the 


Daniell's cell of e.m.f. ез, then the ratio of the lengths gives the ratio 
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of the e.m.f's, Take a number of such ratios by slightly diminishing 
the value of rheostat resistance each time, until the null point ig 
obtained cn the last wire. 


Results— 


No of Mean Ratio 
observations . ел[ез 


1. 
2. 
8, i j 18 
4. 
5. 


e 


Taking the e.m.f. еа of the Daniell's cell to be 109 volts the 
eem.f, еу of Leclanche’s cell is 102 x 1°38=1°504 volts. 


Discussions—The rbeoztat should be ғо adjusted as to get the 
null points at large lengths, because in such cases a higher percentage 
of acuracy is obtained in the measurement of a length. The storage 
cell used in the potentiometer circuit must have a higher e m.f. than 
any one of the cells to be compared. Ordinarily the series resistance 
in the galvanometer circuit should be large to guard agaicst the 
damage of the instrument: near about the null point the resistance 
should be deoreased to increate the sensitivity of the galvanometer. 

ORAL QUESTIONS 

Why is a potentiometer used in comparing the e.m.fs. of cells? Can a 
moving coil voltmeter be substituted for the galvanometer in this experiment? 
Explain the condition of a null point with a potentiometer. What sort of galva- 
nometer is most suitable in a potentiometer olrcuit? Why is а variable high 
resistance used in the galyanometer circuit ? With connections properiy done it 
ів sometimes found that the deflection is in the same direction all over the bridge 
wire; what conclusions may be derived out of such an observation ? 


Date— EXPERIMENT 151 


To Determine Electro-ckemical Equivalent of Copper 


“Theory—If a current of О amperes flows through а copper volta- 
meter in ¢ seconds producirg а deposit of W gm, of copper on the 
cathode, then the electro-chemical equivalent s of copper is given by 


soe gm. per coulomb, 
The current O is to be known by measuring accurately the drop 
of potential across а standard resistance put into the volttmeter 


сігопіб, 

Apparatus—A copper voltameter, a sensitive galvanometer, в 
standard 5 ohm resistance, a stop-watch, a potentiometer. standard 
cell, two accumulators, two theostats, some connecting wires, plug 
key and а variable high resistance, a two-way key. 

Procedu:e— Make the electrical circuit in a manner as shown in 
Fig, 287 in which P represents the potentiometer with its terminals 
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ai М and N. Connect the positive terminal of an accumulator A 
through а wire af М and its negative terminal through a rheostat Rs 

and a plug key К, to the point N of the potentiometer. 
Make another circuit cosisting of an accumulator B, copper 
voltameter V, a rheostat Rs 


n = = and the standard resistance 
г. СА 7. Connect the negative ter- 
y Mm | minal of the cell to the 


Еа. аа cathode plate of the copper 
voltameter through the key 


ALO M К+ | 
R ~ Oonnect the high poten- 
ока tial end of the standard 
j IN | resistance x to the end М 
of the potentiometer and 
Я : their negative terminals to 
Fig. 287 the binding screws of a bwo- 


way key Ks. Connect also the common return of the key to the sliding 
jockey through а galvanometer and a variable high reei-tance Вз. 


Put in keys Кү and Кз во as to include the standard cell into 
the circuit. Acjust the rheostat Б; co that the null point is obtained 
on the last wire of the potentiometer. Keep the variable resistance 
Rs to а high value at the beginning but when null point is nearly 
obtained bring down the resistance Rs to a zero value. Take two 
or three such readings for the same value of Ву. The mean value 
gives the null point corresponding to the standard cell. Let the 
null point on the wire be J cm, 

Then place a test cathode plate into the voltameter and olose 
the key Ka. Then operate the two-way plug key so as to include 
Ra to get the null point at a measurable cistance on the bridge wire. 
Oare must be taken so as not to exceed the maximum allowable 
current through the voltameter. 


Clean the actual cathode plate with sand paper, wash with 
dilute nitric acid and with distilled water and finally dry it by passing 
hot air from a blower, When the plate is completely dried, weigh 
it in a balance accurately. Let the weight be W gm. 

Place the plate within the voltameter with the key Ky open. 
Start the stor-watch simultaneously with the closing of the volta- 
meter circuit and allow the current to flow for a known interval t 
zay 20 to 80 minutes. During this interval find the balance point 
over the wire a number of times with standard resistance in the 
potentiometer circuit. Let the mean null point be d cm. 


Take out the cathode plate carefully and wash it under a stream 
of cold water. Dry and finally weigh, Let the weight be Wi gm- 


Results— 
Reading of the null point with the standard cell in the oircuil 
=946'6 om. (mean value) 
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The E. М. Е. of the standard cell= 1'088 volts. 

7. Potential drop per om. of the bridge wire -1 

Initial weight of the cathode plate = 184'82 gm. 

Reading of null point with the standard resistance in the circuit 
=570'l cm. (mean value) 

Final weight of the plate — 185 04 gm. 

.. Gain in weight of the cathode plate 072 gm. 

Interval of the current fow=30 minutes, 

Ths value of the standard resistance=5 ohms 

Potential difference at the terminals of the standard resistance 
of 5 ohms resistance='61 volt, 
Caloulated current in the voltameter circuit = '192 amp. 


=‘000326 gm. per coulomb. 


='00107 volt. 


v 77392x30x60 

Discussions—There is a maximum limit of the current strength 
which can be sent through a copper voltameter depending upon the 
area of the cathode surface under the copper sulphate solution. The 
limit should never be exceeded. Ii the current is seni through the 
voltameter for a longer period, the more is the deposition on the 
cathode surface and consequently the less is the error in determining 
the current strength. While searching for the null point, the resis- 
tance in the galvanometer circuit should be initially high but to get 
the null point the variable resistance ought to be роб equal to zero. 
If the copper sulphate solution is to be prepared, 15 to 20 gms of 
copper sulphate crystals are to be dissolved in about 100 c.c. of the 
solution. The standard value of e.c.e. of copper ів 0000323 gm. 
per coulomb. Hence the error is slightly less the than 1 per cent, 

ORAL QUESTIONS 


What is meant by E. С. E. of an element? What is the difference between 
chemical equivalent and electro-chemical equivalent? Is it possible to measure. 
eca of an element from а knowledge of e.c.e. of another element? Why is 
current measured by the potentiometer method and not by ammeter. 


Date— EXPERIMENT 152 


To Measure the E M;F. of the given Cei) with a Potentiometer 
of known resistance having given a milliammeter and 
an accumulator, 

Theory—If а null poirt is obtained with a given cell of e.m.f.E 
volts at a distance 7 om. on the potentiometer wire of resistance р 
ohms per unit length carrying a currer О amp. Then Е=01 0 volts, 

Further if r be the total resistance of a pot.ntiometer wire оѓ, 
length 1000 ош. and if O' be the reading in а milliammeter, then ' 
p=r/1000 and 0= 0/1000. Then E=C7? x 107° volts. 

Apparatus—A potentiometer, а suspended coil galvanometer, a 
milliammeter, acoumulator, a standard cell, key, high resistance, 
a rheostat and connecting wires. 
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Procedure The connections are shown in Fig. 988. Connect the 
pole marked +of the miliam- 
meter to the positive pole of 
the acoumulator. 

Put a high resistance into 
the gilvanomet:r cirouit in 
series and also introduce а 
suitable value of the rheostat 
во that ycu get the null point 
on the 9th or 10th bridge 
wire. То get the null point 
finally bring the series resis- 
tance gradually to a zero value 


Fig. 288 


to increase the sensitiveness of the galvanometer. Take the reading 
of milliameter. 


Ohange the resistance of the theostat slightly to а smaller value 
and find another null Point. Every uull point should be found 


twice. In this way take three to four pairs of readings and tabulate 
the values in the following way. 


Results— 
: Current Resistance | Calculated Mean 
e in NEN pi of ЕМЕ | ЕМЕ. 
milliamp s bridge wire volts, volts, 


1 


Discussion -The milliammeter should bə connected in the 
potentiometer circuit with due consideration of its terminals, which 
are marked tand —, Any zero error of the instrumont should be 
taken into account in recording its readings. The null point should 
be selected anywhere on the lash three wires of The potentiometer- 


Date— EXPERIMENT 153 
To Compare the E.M,Fs. о? Voltaic cells by the method 


of Sum and Difference 
Theory—Ift E, and E, are the em.fe, of two colls and if they 
are connected in series through a resistance and a tangent galvano” 
mefer. then 
Е, +Е, 
= R =K tan 6, 


where R=total resistance in the cironit, К —reduotion factor of the 
tangent galvanometer and 6; =deflection of the needle. 

If now one cell of e.m.f. Es is reversed Other factors remaining 
same, then 


Е, -Е 
TEX Me tan 05 
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where @,=deflection in the second case. Combining the two 
eq “ations, 


E,-E, fan 0; E, _ fan 0, +бар 6, 
H,- Е. wan 62 улеш Ел зар 0; – ёар 062 
Apparatus—A tangent gilvanomet:r, two cells (a Bichromate 
cell and a Lizolanche's cell), а rheostat, a commutator. 
Procedure—Connect two cells E, and Е,, in series and connect 
$1e free terminals of the combination to а tangent galvanometer 
through а rheostat and a commutator K as shown in Fig. 989. 


Pat the maximum resistanca of the rheostat and close the circuit 
when a small deflection of the needle is observed. Now lower the 
resistance of the rheostat until the deflection comes down to near 
about 45°. Accurately read the deflection at this stage for both 
of the pointer, Reverse the current and read the deflection. The 
mean of the deflections ЕДЕ 


is say, бу ARE E ые 
Next reverse anyone K R K R 
cell and connect as in ag SS ee 
Big. 290 other things 
being kept constant and 
note deflections of the G G 
needle both for direct ЗА, 
and reversed currents, Tie a 
Let the mean deflection be 02. Repeat the observations a number 


of times ani tabulate the results. 


Results— 
Dofiection in circuit. Deflection in circult 
3 & Е,+Е, usen Ratio 
H tan, бап. 
ez SADT EESAN Ч 
Z| Diret | Reverse | Mean | Direct Reverse | Mean | tan0,—tan0, 
B Deg Deg. Deg 0,| Deg. Deg. Deg. 0; 


a 


Discussions—The deflection of the needle should be adjusted 
nearly at 45°, when the cells are connected in series. But when 
the cells are reversed, the deflection becomes much less, Once when 
the rheostat is fixed, it must not be changed ina set of observations, 
as otherwise the ratio does noh hold. 

ORAL QUESTIONS 
What do you mean by emf, ofa cell? What is meant by sum and diffe- 
тепсе of o.m.fg.? Is the tangent galvanometer in this experiment used as 8 volt. 
meter? What are the cells you are using? Is there any polarisation efiect when 
one cell is reversed ? ; П 

Ohm's Law—Verification of the law by a Tangent Galvanometer 
and by the combination of Voltmeter and Ammeter has already been 
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described. But in each cage, 
and a variation of potential d 
to be constant. A more com 
varying any two of the varia 
constant. which is given below. 


EXPsRIMENT 154 


Date— 


the resistance has been kept constant 
ifference with current has been shown 
plete verification of the law consists in 
ble E, C and R while keeping the third 
W 


To Verify Ohm's law with a Metre bridge, 


Theory—Ii а curren 
resisbanos R ohms, hayi 
terminals, then accordin 


Gi) 


Ammeter and Voltmeter 


t of C amp. flows through a conductor of 
ng в difference of potentials of E volts at its 
в to Ohm's law,— 

when Б ig constant, 

E=R when C ig constant, 


(iii) Се x when E is constant. 


Apparatus—A bat 
metre bridge wire, 


and an ammeter, 


tery of 3 or 4 cells, a plug key, a rheostat, 
a fixed resistance of 3 to 4 ohms, a voltmeter 


Procedure—Make the electrical connections ag shown ір 
Fig. 291, in which B representa the battery, K a plug key, Rh а 


rheostat, MN a metre 


* & fixed resistance of 8 to 4 


V the voltmeter. The voltmeter may be 
tween the negative pole of the battery and 


bridge wire should be nearly 2 ohms and 
ied by the teacher in charge of tha 
aximum value and close the key K. 

E=0, keep the jockey fixed a6 any 
between P and X through the path 


Now take tho readings of the 


Slightly alter the resistance of the rheostat 
both the meters, In this way by changing. 
t, take a few readings, It would be found 
DES із constant, во long as the tempera~ 
eciably raised by the flow of current, 


ER, keep the rheostat fixed in 


the current in the circuit as recorded by the ammeter: 


Fig 291 
the voltmeter which gives E. Shift the point of the jockey step by 


is constant. Now placa the. 
jockey very near to N and take: 
its reading from the scale attached. 

а knowing the resistanca per 
unit length of the bridge wire, 

nd the resistanca of the portion 
XN. To it ada the resistance 
7. Hence the resistance from D to 
X ів found, which is say. R. Read 
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step, and take the readings of the voltmeter and the jockey point. 
It would be found that the ratio of the reading of the voltmeter to 
the resistance in DJ is constant. 

To verify the third law 7.¢.,C~1/R, keep the jockey of the rheostat 
fixed ab any position and note the current in ammeter. Place the 
jcckey near to N and fiad the resistance between D and the point of 
contact of the jcckey. Record also the volimeter reading. Next slightly 
decrease the current by the rheostat. Now slide the jockey towards 
M ко that voltmeter gives the original reading. Thus E becomes 
constant. Find the resistacc) DX. In this way take a series of 
values of C and R for a constant value of E. 

Results—Resistance per unit length of the metre bridge wire 
= "091 ohm, 


To verify the first law : 
L—————————————— 
& Total | Volt- 


to Resis- 
©я Resis- 1 Ammoeter А 
д Length |tance of Resis- | meter " Ratio 
23 XNem.| XN Lom " | tance of | reading Bobet B/G 
н ohms ohms |DX ohms| V volts | | 20Р 
1, 55 1176 5 6176 46 “65 616 
2. » " » » 915 51 61T 
8. ә ” m » = E 6:16 
To verify the second law : 
„—————-———— - 
R-sis- | * | Total Volt 
за Ammeter Length tance BEEF resis- | meter | Ratio 
o's engine XN em.| of XN | ‚орг, | tance of | reading | E/R 
а 2 жы, оһшз | DX ohms E volts | 
1: "50 10 Р Бас Dare door aos] amos 
2. = 50 105 | » | 606 8:608 И 5 
3. f 90 St i jie Бы T | "50 
To verify the third law : 
Ee 
I | Í | 
lt Resis- Ф Total | 
v8 BE Length M Беш pon ae Ds 
58 ading | XN om. | of XN | | Tance o: x 
а 8 E voli out Come [DX ohms c | 
a a E 5 Es | ЕЯ чи 8:8 
L e Pes ave | wee | | 8'9 
8. 7, see d E » : Ln oe 3:9 


Discussions —Instead of the slide wire being an actual metre. 
bridge wire, the purpose would be better served if the wire MN be 
 nichrome wire of length 1 metre having a resistauce of about 10° 
ohms. In that case a large variation of resistance, voltage and current: 
is possible. The above experiment has a speciality in as much ag 
every quantity cin be changed independent of the other two. In cage: 

ire care should be taken nob to send a current exceed— 


of nichrome wW. 0 1 
ing 5 ampere, 88 otherwise resistance per unit length of the wire. 


would change apprec'ably. 
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‘Laplace’s Law 


Laplace's law states that the forca f exerted on а magnet pole of 
strength m by a very short length s ofa conductor carrying a current 
О is inversely proportional to the square of 
та d Sla the distanc» d and directly proportional бо 
c the length s of the conductor, the current 
strength C, pole strength m and sine of the 
Fig. 202 angle of inc‘ination < between the conduc- 
tor and the line joining the pole to the 
conductor. This is some times сей Ampere’s Law. The law 
<an be mathematically expressed as follows, 
mC s sin < 
j= aera 
It can be proved from this law that the foro» exerted by an 
‘infinitely long wire carrying a cirrent О, оп а magnet pole of 
Strength m at a distance d from it is given by, 


=2т0 
f d 


Hence the intensity Fat а distancs d from a sbraight wire 
conveying a currant О is given by 20/d 


Date EXPERIMENT 155 


To Verify Laplaco's Law of Intensity due a Linear 
Current and hence to find H 


. Theory —The magnetic intensity at a distance d from a very long 
“Wire carrylag a current О s. m.u. is given by 20/4. If this intensity 
be made to act at right angles to the horizontal intensity of the 
earth's magnetic fleld and a small magnetic needle be placed in the 
combined fields giving а deflection 6, then 

30 tan 0 or qz 20 t 
d ' H coti 0 

If the law is correct dort 0 for given values of О and Н. 

Apparatus—A magnetometer box, a platform about 2 metres in 
‘length, an ammeter, а commuta- 
‘tor, à rheostat ani а battery of 
, cella, 

Procedure —Stretch & wire 
‘horizontally by the clamping 
ғс:етв SS fixed to the uprights 
of the platform (Fig. 293). Placo 
а (Lr sin Мел; SAT 
‘platform such that the needle is 
тову below the wire. Rotate Fig. 298 ШШЕ 
the platform so as fo placa the wire parallel to the needle. The wire 
ds now in the magnetic meridian. The nature of the & ld due to 9 
vertical stralght wire is shown in Fig. 294, 
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Connect the terminals of the wire through а commutator K to a 
rheostat R, ammeter A and a battery of cells E. Pass a current of 
about 1 to 2 amps, through the wire by adjusting the rheostat. 
Measure the vertical distance from the wire to the upper surface of 
the glass Вор of the magnetometer with a metre scale. Let it be №. 
Take the deflection of both ends of the needle. Reverse the current 
and note the deflection. Let the mean deflection- be 0, If s denotes 
the distance of the needle below the glass top, then 


E cot 0 


The value of s is to be measured or supplied, then h+s=d is 
known for any value of h. 

Take a number of observations by changing the value of h and 
snow the ratio d/cot 0 Finally, from the mean value of this ratio, 
knowing О from the ammeter and converting it into emu,, the value 
of H can be found, 


Results— 
The distanza of the needle from the glass top— 8 em. 


Deflection of Needle 


m 
98 Distance | Distance Cot 6 d Mean 
33 | hom. | d om. | End n| Ena Me 2 cot 8 | ratio 
Sh n s an 0! 
as deg. -| deg. deg. 

1. 14 2'2 89 39 29 1:24 147 

9. 19 27 soe 89'5 83 1'54 1765 

8. 2.7 3°5 27 27 27 1'96 178 175 
4. 3'5 43 25 s.. 82'5 142 176 

Б. 4'3 5'2 29 29 29 2:90 177 

6 51 5'8 169 165 16:5 3:39 174 


Carrent in ammeter=3'0 amp. 
*. Currert in e-m.u,='30 C.G.8, 


cob 0. .9x'8.. 4 
e =20х =———©='34 GOS. unit, 
Hence H à 1779 

Discussiors—For an average value of H between '30 to '35 
0.9.8, units, large current is required for a measurable deflection of 
the needle. A current of 8 to 4 amperes Should be better taken 
from tho supply mains. The deflection of less than 15° should nob 
be recorded since such values of cot 6 are fairly high ani the error 
in measurirg cot 0 is large. 

ORAL QUESTIONS 

What is Amperes law? What is the natare of the field due to a linear 
current? Is the nature of the field altered in case of a circular current? What 
is the relation between practical unit of current and the C. G. S. unit? What 
is the effect of altering the distance of the horizontal wire carrying current on 
the deflection of the needle ? 


Production of Heat by Electric Current 


When an electric current passess through resistance, heat ig 
developed, This faci may be derived from energy principles. 
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Suppose that a current O flows for a time ¢ secs. through a conduotor 
under a difference of potentials E, all in electromagnetic units. The 
charge conveyed by a current O flowing for a time ¢ is Cxi=Q, вау. 
Energy necessary for a charge Q to traverse & potential difference 
E=EQ ergs. Since Q=Ci, the amount of work done= ЕО; ergs. 
This work appears in form of heat We further know that work 
done W and heat developed H are connected by the equation. 
W=JH where J=Joule’s equivalent = 4'9 х 107 orge/calorie 


7. EQ:=JH whence н-®©® 


Since by Ohm's law E=OR, 
g - Et O'R 
J J 
In an experiment, E and C are given in volts and amperes. 
Now E volts — Ex 10* e-m.u. of potential difference. 
and О amps. = 0х i0-? em.u. of current. 
+, g-E*10* x Ox 107 x¢_ ЕО 
ч 4'2x 107 49 
or H-0* R/X^24 calories. 
This principle is often utilised in measuring J, 
j = EO: x 10" 
H 


*24 ЕС? cals. 


ergs./calorie. 


Date— EXPERIMEN? 156 
To measure Joule's Equivalent by Electric Calorimeter 
Theory—If а current of О amp. flows for a time ¢ sec. through 
a resistance under a difference of potential of E volts and if the 
heat generated by the resistance during the interval be H calories, the? 


H 
7-59 X10" orgs. per calorie. 


Apparatus—Joule's electric calorimeter. ammeter, voltmeter» 
thermometer, а stop-watch, rheostat» 


balance, and some quantity of turpen- 
time, 


Joule's calorimeter consists of 5 
copper vessel О provided with 8n 
ebonite lid (Fig. 995), Two thick 
wires serving as leads pass throug 
the lid carrying a resistancó 00 
within the calorimeter, while thelr 
upper ends are connected to two 

B i pedi Screws. There is = E E. 

R 9 cantre of the lid for the inser 
EN HHH! of the thermometer T and there is а 
i Fig. 195 second hole near at the edge through 
which the rod of the stirrer S passes. 
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Procedure— Remove the lid and weigh the calorimeter with the 
atirrer to the nearest decigram. Pour some quantity of turpentine 
oil into the calorimeter, so that the coil is fully immersed and weigh 
the combination also to the nearest decigram, The difference in 
masses gives the amount of liquid in the calorimeter. Fit the lid 
on to the calorimeter and connect the terminals of the resistance coil 
in series with a key К, battery B, rheostat Rh and an ammeter A 
aS shown in the figure. Connect also a voltmeter V to the binding 
gorews of the resistance coil taking care that the positive end of the 
meter is connected to the high potentiai end of the coil, Insert a 
thermometer through the central hole so that its bulb dips into the 
liquid and clamp it, if necessary. Note the initial temperature of 
the liquid. Now olose the key К and simultaneously starb a stop- 
watch. Pass the current and slowly stir the liquid until a rise of 
temperature of 5 бо 6°O is attained. Accurately observe the highest 
temperature, stop the current and also stop the watch. Record also 
the readings of the ammeter and voltmeter while the ourrent is 
passing. 

If the radiation correction is required, make а time-temperature 
record of the rising and falling temperatures of the calorimeter and 
its contents and then make the necessary radiation correction 
{vide Expt. 60], 


Results — (Typical) 
Mass of the calorimeter and stirrer=982 gm. 
Mass of the turpentine, calorimeter and stirrer = 
.. Maas of liquid within calorimeter = 
Specific heat of the liquid (supplied) = '5 
Sp. ht. of the material of the c lorimete: = 1 
Intial temperature of the liquid = 23 5°C 
Final temperature of the liquid = 30 2*0 
Current passing through heating со = 65 amp. 
Potential difference асгсвз the heating coil= 
Time during which current flows=4 min. 
Heat absorbed by the liquid and calorimeter = 
Heat given out by the wire = 
s. J-494x10' erg:/caloric (as observed) 
Discussions—While the calorimeter end its cortents are receiving 
heat from the resistance coil, some hect is losb by radiation and 
conduction, This part, if not corrected, will increase the okserved 
value of J, The liquid within the calorimeter should be of low 
specific heat, as then small quantity of heat will raise ib through 
an appreciabld rise of temperature. The radi:t'on correction may 
bo made by takirg в time-temperature record. 

ORAL QUESTIONS 
s equivalent and what is its unit? How can you measure 
work done in an electric circuit and what is its unit? Do you know the relation 
between work and power? What is the practical nnit of power? How can the 
power of a circuit be measured? What is the effect on the value of J if radiation 
correction is not taken into acconnt? How can you make radiation correction ? 


/ 


What is Joule' 
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Date— EXPERIMENT 157 
To Trace Lines of Force due to a Linear Current and to 
determine H from the Neutral point 


Theory— The nature of the magnetio field due to a current in ө 
linear conductor is а series of concentric circles with the conductor 
ав the axis. The direction of intensity is given by Maxwells cork 
sorew rule. When iines of force due to а vertical current are traced 
in earth’s magnetic field, their nature at some distance from the 
condustor is not circular due to the resultant field. A point may 
actually be obtained where the two fields neutralise each others 
which is called the neutral point. If d be the distance of the 
neutral point from the axis of the conductor and O be the current 
flowing in i$ in amperes, then : 


20 =H dynes, 


Apparatus—A straight brass or copper rod about 9 metres long 
Provided with binding screws at its ends, a large battery capable cf 
sending a current cf .0 amperes 
or the electric mains, в card 
board having a small hole. suit- 
able stands, rheostat or large 
wire resistarce, a small magnetic 
needle, drawing materials and aD 
ammeter. 


Procedure—Make a round hole, 
just sufficient for the rod to pass 
at the central part of the drawing 
| paper and fix the paper on to the 
board containing а similar hole- 
Mount the board on rigid clamps 
во as to remain horizontal. Pass 
the metal rod through the hole 

Fig. 296 ` and keep it vertical by wooden 

s d clamps. If instead of battery 

electric mains are used, the rod should better have an insulating 
coating to avoid electric shocks while working. { 


Connect the poles of the battery by thi inals 
y thick wire to the termin 
of the rod through a large rheostat, ammeter ЗЕ key all in serios 


т 


sparking, Adjust the rheostat so that a current of 8 to 10 ampere? 
ag recorded by the ammeter is obtained in the circuit. 


tha vertical conductor. When the needle becomes steady, mark i! 
two ends, by percil dots. Now shift the positicn of the needle #0 
that the dot, wkich was marked against the north pole, just touches 
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the south pole of the needle. Again put new dot against its north: 
pole. , In this way by continuously shifting the rosition of the 
needle, obtain a number of points round the wire. Join all these 
points by в free hand curve, and get a complete line of force round 
the conductor. The dots should be-very accurately marked or elke. 
the line of force во drawn may not show ‘a closed curve. Then 
increase the distarce of the needle from the conductor slightly and 
in a similar way trace another line of force. In this way plot a 
few lines of force around the vertical wire along a hcrizontal plane 
(Fig. 296), 

Tt would be noticed that from some distarce of the conductor 
lines of force cease to be clozed оогуев. These are due to earth's 
magnetic field playing a more prominent part than the field due to 
the ecnductor. A small region is actually obtained, which is bcund- 
ed on opposite sides by reverse fields and the rmall magnetic needle 
being placed at this region shows little tendercy to point any дігєс-- 
tion. This is actually the neutral point where earth's horizontal 
intensity is equal and opposite to the intensity of the field due to 
the linear concuctor. The distarce of the midpoint of this region 
from the axis of the conductor is measured. 

Ohange the value of the current in the conductor by the rheo:tat. 
ard draw fresh lines of force on another paper. 


Result— 


The current in the circuit = 
The diatarce of the neutral point from the centre of the hole = 


oe a= 


Discussions—The current throrgh the linear concuctor shculd be 
very large or else the neutral point should be very near the con-- 
ductor. The shorter is the tracing magnetic needle, the finer are 
curves traced out. 

ORAL QUESTIONS 


Do you know of any law giving the magnetlo field due toa linear current ? 
What ів that law? What is tho nature of the field due to the current alone?” 
Is it modified due to earth’s magnetic field ? Why is the neutral point formed ? 


EXPERIMENT 158 
To determine the Variation of the Magnetic Field 
along the axis of a Circular coil 
Theory—The intensity F аба distance 2 from the centre of a. 
circular coil along its axis is given by the exprecsion, 


Fe Inra? 
8 
(a? +g)" 

n=number of turns in the coil 


a radius of the coil 
О current in olcctrcmagnetio unit 


Date— 


where 
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If this intensity is made to act on a freely suspended magnetic 
needle at right angles to the magnetic meridian producing a deflection, 
5hen f 


з 
Е=Н tan 0= 222 Z 
(a3 +22,2 
g 2 
or, (a? +22,2 tan ы 


At any locality Н is conztant ; for а given coil and current na? 
and О are constante. And so the right side expression is constant. 


Herca ‘a? m tan 0 = constant. 

_Apparatus—A coil of wire wound on а circular wooden frame, 
а deflection magnetomcter with arms capable to sliding through the 
oil, a battery, rheostat and key. 

The apparatus consists of an ordinary magnetometer box M with 
its arms AB capable cf sliding through two wooden uprights 
(Fig, £97). А coil О of wire ig wound upon a vertical wooden ring 
which is pleced st the certre of the frame. The magnetometer box 
‘can just slide through the ring and the height of the box is so adjusted 
that the magnetic needle is at the centre of the ring. 


Procedure—Rotate the plane of the coil with its attachments 
‘along а vertical exis until the axis of the needle is parallel to the 
vlane of the coil, The coil is then set in the magnetic meridian, 


SS 
ANTE wae 

Ieee 

SENS 


— T 
eam 


Fig. 297 
To ensure a free movement of the needle, level the magnetometer 
box with а spirit level, The pointers of the needle usually read 
0? - 0^ of the circular Braduated scale in this position. Connect the 
terminals of the coil O to the battery, through the rheostat and key. 


Slide the megnetometer box through a distance cf about 1 om. 
at the centre of the coil; thfs can be ensured by placing eye just 
above the plane of the coil and sliding the arms of the magneto- 
meter till the needle is obstructed by vision. Take care at every 
‘step not to disturb the position of the coil, 


— 


-of the angle. Both sides о 
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Now, send в current through the coil and note the d 

the pointers. If deflection appears fo be too small or too осе ивы go 
the rheostat to produce а deflection between 50° to 60°. Tako the 
readings of both ends of the pointer for dircct and reverse currente 
: Slide the magnetometer box Shrough а distance of about 1 em ЕЕ 
right angles to the coil and note the deflection of the pointer. "is 
this way by successively displacing the box thrcugh 1 cm ЖАБЫША 
fhe deflections. Finally, plot а curve with the distance. from ilio 
coil аз аһззїзза and the corresponding deflection as ordinate, i: 


Rosults— 


Es 
No. Distance Deflection Square E (a? y 
а of radius | (a?--z2)? | tan 6 a* +g)” 
of obs z | 0 deg. moun | „a sq. om. Xtan 0 
1 0 | 68° 100 1008 2'4751 
9 1 67°30’ » 1015 24145 20101 
8 a | 66°30" b 1060:8 2:3998 
4 3 65°80’ 7 1138 21445 24804 
5 4 63°30! » 1249 270057 
6 5 61° ф 13975 1'8040 
7 9 5" 5 1591 1'5108 24106 
——— ЛНЕЫЕНЫЕ 


, Number of turns in the coii = 50 
Average radius of the coil = 10 cm. 
Qurrent through the соі = "925 amp. 

Discussions—The plane of the coil should be placed accurately in 
the magnelic meridian to ensure the constarcy of the product. Deficctio- 
ns боо large or too smail, should not be recorded, as then a small error 
g a deflection entails в large error in finding the tangent 
f the pointers of the needle should be read. 
Li ORAL QUESTIONS Р t 

of force. ow can а ne of force e trac 
MS magnotio field vary with distance Mong eA д ЖЕТЕ 
of the field at the centre of the coll? Do you know 


coil? What із the nature 
of any practical application of utilising such a magnetic field at the centre of a 


coil of wire? 


Date— 


in measurin 


EXPERIMENT 169 
To Find the Figure of Merit of the given Mirror 
Galvencmeter 
gure of merit of a galvanometer is the amcunt of 


to deflect the sput of light through a distance of 
le placed ай a distance of one metre from the 


Theory—The fi 
current threugh i$ 
ono milimetre on а 805 


mirror of the galvanometer- 1 > 
If а се of e.m.f. E volts having а series resistance В ohms 


gends & current of О, ampere through a galvancmeter of reristarce 
G ohms povided with a sbunt of S ohms, producing a deflection of 
d mm, on & reale placed at a distance of D cm. then, 


0 =-ңв+в@+Б@ "^ 
P.P./27 
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where k is а constant. Had the scale been placed at a distance of 
103 om. then the deflsction by the law of Proportion would have 
been, 
2х 100 
еру mm, 
ES d x 100 
RS+RGTSG K D KN, say, whence 


Henos, О, = 


K=figure of merit =< amp/mm, 


Apparatus—A suspended coil galvanometer, a storage coil, two 
resistance boxes, а commutator and some connecting wires. 

Procedure—Oonnect a resistance box S in parallel with the gal- 
vanometer. as shown in fig. 293. Join the terminals of a cell E to 
the two points of а commutator К. Osnnect two other $orminals of 
the commutator to the galvanometer bhrough a resistance R in series. 


Put all the plugs tightly in the shunt S 80 that the shunt has 
zero resistance. Insert a resistance of 2000 во 3000 ohms in the 
series resistance R and close the commutator circuit, 
The galvanometer shows no deflection. This means 
that all the ourrent is passing through the shunt 
and nothing through the galyanometar. Then begin- 
ning from the lowest resistance, go on inoreasipg 
the shunt resistance and observe the deflection of 
the spot of light. You would see that with shunt 
resistance increasing, the deflection also incraases, 
Choose the resistance from the shunt for which the 
spot of light is deflected through 5 to 10 cm. on 
the scale. This choice of resistance, you have to 
make by trial Then record the values of series 
and shunt resistances. Now reverse the current and 
note the deflection in the Opposite direction, 

Take a series of readings eaoh time changi ries and the 
shunt resistances but deflections varying [EU ТО ds and babu- 
(up the results. Finally, measure the parpendicular distance between 
he scale and the mirror of the Ealranometsr with a metre scale. 


Fig. 398 


Results— 


pales Shunt |———Dsfections  — " 
resistance resistance| direot N. igure 
ohms. ohms, M та пеш ian Og tueri 
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The distance of the scale f 
rom th i =(i 
Th isti mean distance= енот) А: (i) 
e resistance of the galvanometer = 
Thus the mean value of the figure of merit = (бш) 
у. amp/mm, 


Discussions— Tha figure of merit 

ЖАЫ Он LM to & current. Tenet mis Ko i ai 
S АН An galvanometer should have a large ER PT 
uy тан Ыр mee Hence Е the resistance of the баре d 
eo бела 2. 1 he deflaction of the galvanometer sh AES 
та оаа o on ог a scale distancs of 100 om. as oth ace 
ERAN AR current do not produce equal linear араа 
d rina d set of readings, the shunt should al aan 
alue and the shunt resistance t хаза ре 
.geb a regular deflsction. ori tad er io 

M а ORAL QUESTIONS 

at is e ure o 

galvanometer, an aiebat Унос а SAW hat MOT HaT eco ue WR 
jetween 


‘a ourrent sensitive and a voltage sensiti' 
үа 

galvanometer you expect to have a high AED A ЕЕ oL aW bior буре ota 
i and why? 


Date— ExPERIMENT 160 


To Set up the installation of an Electri , 
Push button switch SEALS thia 
Apparatus—Electrio bell, pus ; 
Dachlanche's cell and some RAM Ld ШИБЕ dry, Н or 
An electric beli consists of H 
two coils L and M of а horse-shoe electromagnet carrying 
jogulated copper wire 
wound in opposite direc- 
tions and are connected 
in series (Fig. 999) A 
soft iron armature 4, 
held by в spring J in 
contact with а screw D, 
carries а hammer О 
resting against & bell G. 
One terminal of the coil 
ig connected to ù he 
binding sorew A and its 
other terminal to the 
spring J. The binding 
@orew 
Prooedu 
gorew of the elecir 


Fig. 199 Fig. 800 s 


B is coaneoted to the screw D. 
ге —Ооппесі any terminal of the cell t i 
{ o а bindi 
ic ball and its other terminal to the ined 
of the push baitton switch, Finally connact the other binding Fens 
tə the remaining binding screw of the push-button snilo 


of tha bell 
Adjust the с 


опбасу screw till ib jash touches th 
electromagnet (Fig. 300). Si eae Vas 
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‘On pressing the button K of the switch, an electrical contact is ests 
blished in it and circuit is thereby complete. The current from the 
celi circulates the coils of the ele chromegret which is magnetised. 


The soft iron armature is attrected and the hammer atteched to it, 
strikes the bell, 


But when the armature is attracted, the screw D is deteched 
from ib and the circuit is thereby broken. The current stops and the 
electromagnet being demsgnetiscd, севғев to attrect ihe armature. 
The spring brings beck the armature to touch the screw point ard 
the circuit is again complete. Thus the operation is repeated ard 
the bell keeps on ringing. 


If 16 is desired to run two or more electric bells with a sirgle 
switch, connect all the bells in parallel. In this case the current 
taken from the cell would be in proyoriion to the number cf bella 
used, and contequently instead cf ore cell, two or three cells may 
conveniently be connected in rarallel. 


If an electrio bell is to be run from the D. C, mains, а proper 
resistance is to be inrerted in series with the bell. But in case cf 
A. C. mains, it must be converted to D. C. before being applied to 
the bell circuit. This can be done most conveniently by metal 


rectifiers, 
When 16 is desired to run a number of electric belis, each ono 


by a separate switch, the bells are to be connected in tho same 
manner as lamps in the maine. 


— 


APPENDIX I 
Sources of Errors in an Experiment 


Various kinds of errors ara iavolved in physical measurements. 
Bit broaily speaking there ara two maia typəs of errors—sy3tematic 
and random. 

Systematic Errors—Thsse іпсіаӣе all inaccuracies that tend to 
bə mora on one side of tho ideal valas. Ex:mples of such errors 
aro: (a) errors daa to газїһо1 of prosadare (b) errors due to environ- 
moni (o) parsanal errors (d) iastramenial errors, The worker, after 
e3rreosing instrumental error if any and with skill and experience 
may b-:ing dowa sach errors to an insignifisant proportion. 

Random Errors —Even when systematic errors are reduged to 
a minimum, wa are арй to stray away more or less from the ideal 
value woen we take a large number of readings for any physical 
m3asurement according to the laws of probability. Large fluctuations 
are much less likely than small ones. These laws tell us that positive 
and negative flactuations are equally probable. 


Calculation of mean Errors —It has already baen stated in the 
Tateaiuotory that in taking a reading in an H periment, we are 
diable бо make an error, called the Personal Error. In taking a 
number of readings for & ficed quantity, this error in some cases 
daals to slightly larger valas aad in soma other cases to a Slightly 
smaller value than tha ideally correct rasuli, We never get 
this ideal valua, but if we take the arithmetic mean of a large 
mumbsr of independent and unbiased readings with a correct instru- 
mont, this mean value is vary near tho ideal value, 

We fs deal with a simole and approximate method of calculat- 
ing probabla error in а sei of readings Sapposs that in measuring 
tho {озі leogih of a concave mirror, we have got from 10 individual 
sobbing: 10 valuss of the focal length ia ems. as given below. 

14°9, 150. 14°8, 148, 1571, 140, 15°0. 148, 14'8, 151. 

The arithmetic mean of‘all these value is 1494. The difference 
between the individual values and the mean is called the residual or 
deviation. Now fiad the deviations in the following way 


Reading Mean Deviation Reading Mean Daviation 
oe == 
149 миш | —04 14°9 1494 —'04 
15:0 Ten rU 150 1494 4706 
14'8 1494 -4 149 1494 —04 
149 1494 | -0 14'8 1494 -"14 
151 1491 | +'16 15'1 14'94 416 


irrespective of their algebraic signs and 


jd the deviations 
Rone ber of observation. This value gives ‘09, 


divide the sum by the num 
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which ig called the mean error of the mean value of the focal 
length of 14°94, Therefore the result may be stated 88, 

1494+ 09 om, 

This mears that the trua focal len 

between 1503 cm, and 14°85 ою, Th 


09 in a value of i4'c4 em. Hen 
error is 06%, 


gih may have any value 
Ө maximum error ig evidently 
ce the maximum percentage of 


and the probable error of a sel of observations, by applying the 
mathematical law of Probability. Here only the mechanical method 


Let there be л observations or readings of a quantity deroted by 
9i, Za, Za... Ea i, Cpe First add all the numbers and divide the 
Sum by n, which gives the mean value, Let the mean value be 
given by z. Then subtract the mean value from each reading to: 
Bet deviations, 61, ба, Os...... Ón-i, Sn. Get the individual squares: 
of the deviations and add all 8°. Then tho mean error or the 
standard deviation of the result is V X8*/n(n — )) and the probable: 
error of the result is 


'87 5? ; 2 56% 
e='6745 Qu m =2 
(=) Ог spproximately 3 (е2) 


We are now csloulating the Probable error of the focal lergth by: 
the method of least squares, 


No, Observed Square of f 
of readings f oma. BA ars дуо Sum 3 


[ee ae чө] 


1 14:9 E TS 
4 s +06 0036 
1 108 -14 0196 
5 15d А —04 ©6016 
5 it 14'94 +16 | 0256 1040 
7 150 — '04 0016 
8 120 +06 | 0036 
9 1468 — 04 ‘0016 
10 1631 Е 0 016 


+716 '0256 


ft “ 71040 _ A 
The mean error of the result At = ea 034 


The probable error is $x "034 каз om, 


The focal length of the mirror can then be 


expressed ае 
14°94+ 023 om. 


— 


APPENDIX ІІ 


Significant Figures.—In physical calonlttions, we get some- 
times very large or very small arithmetical numbers. Take for 
example a number 1930 000 000,000 which represents the value of 
Young's modulus for mild steel in CGS units or a quantity 
00005596 whioh represents the wave length of sodium flame in 
centimetre. The zeroes of these two numbers express how big or 
small these numbers ате in powers of ten. But 193 and 5896 are 
the significant figures of such numbers. Thus tbe first number is 
193x10'? and the second one is 5896x1075. The significant 
figures exprers the sccuracy with which a physical quantity may be 
expressed. 

Suppose that in an experiment to determine Young's modulus. 
the estimation of percentage error gives a value of +1%, and the 
mean significant figure is 193. To be within +1% of 193, the 
variation of the number is from 195 to 191, that is }93+2. Tbus 
we can express the values as (193-+2)x10*° or, (19:8 8) x 107%. 
It is usual to express the uncertain figure as & decimal and certain 
figure as integral, and finally to express the value in powers of ten. 
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Logarithms З 

In making calculations with quantities involved in an experi- 
ment, it becomes sometimes less troublesome to use logarithmic 
charts. In dealing with a quantity having a fraotional power, the 
use of the logarithmic table is almost indispensable. Hence it will 
поб Ыз ouf of place at his stage to mention the fondamental prin- 
ciples of logarithm and method of using а log-table in making cal- 
culations. Racently electronic Dask Calculators have partially replaced 
Logarithmie Calculations, 


Logarithm of a number with respect to a given base is the inden 
of the power to which tha base muab be raised in order to ba eqia 
to the given number. Thus, if a" =b, then y is the index of the 
power to which the bass a is to be raised to be equal to b. Hence, 
by definition, y called the logarithm of b to the base a. It is gene- 
rally written in the form 

y 7 logab 

We ean express the following arithmetical identities in terms of 
logarithms :— 

Since 2° =8 7. 8=]og,8 4 

*=81 .. 4=logs8l 
10° =1000 <. 8 = Јов „1000, and so on 
In general, if о“ — В then g= loga B 
loga B 
du a =B 
Properties of Loga ‘ithms 


(Ü Wa know that if g be any real finite quantity, then a?— 1. 
Hence logal =0 or logarithm of unity to any real finite base in zero. 
For example, 102:01=0; 10:.1=0, ctc, 
(3) We know that a! = а, Henes loga 871 or logarithm of any 
number with respect to the sama number as the base is unity. 
For example, logio10=1; loges—1 ete, Т 
(3) Logarithm of the Product of two quantities to a base is 
equal to sum of their logarithms taken separately to the same base. 
In other words, : 
loga(m x n) = iogam + logan 
To prove the identity, put logam=a and logan = y 
Tuon a" =m and a¥=n |. mx п ду —6*. cay, 
"Това (mxn) =2=2+4=logam+logan 
Similarly, loga(mxnx p x 5) =1орат +logan +logap +... 
For examole, 
logio(2X82x'4) -10g169 + log, ,9:5 4 log,o'4 
(4) Logarithm of the quotient of two numbers fo а base is 
eqial to the difference of their logarithma. Tn other words, 


loga (2) =logam — logan 
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To prova the identity, put logam=« and logan =y 
m а“ 


HE А Ы ; 
Then а =m and ау=л s 2a =a" =a", say. 
n Qo z 


. m 
ve tog (7-) =z=2—4=logam— logan 


For example, 

10g; o $ 7108109 — logs 07 

(5) Logarithm of a power of a number to & base is the product 
of the power and the logarithm of the number to the same base, In 
other words, . 

logam” =n logam 

To prove tiho identitv put 108а% = 2 

Then a* =т and (a? "= т" = д" 

-. logam^? =nz=n logam 

For example, d 

102109? =3 102109; l0g105° = 5 logs o5. ote. 

(8) Logarithm of в number to any bise may be changed to 
tha logarithm of fhe sime numb:r to any other base in the following 
way, 
logam = logo Х logad 

Ty prove this, pub logom =% and logab =Y 

Then Ре =m and a! =b or a** =m 

S. ова ХУ = jogom X logab. 

For example, 

logi om = logo" X 10910 

(1) The product of two logarithms in which the number and the 

baie are interchanged ia equal to unity. in other words, 
Іова? X logo? = 5 


Leb Іовар =, then a=b or а== 


1 É 
Then oie 27. logoa x logab=1 
x logad 


Common and Napierian Logarithms 
Since any number can be used аз the base of the logarithme, 
there are innumerable ways of expressing any particular number in 


terms of logarithms. For example 
E 8 229, 4°=13, 52=95 6*-36 ete. 


Since 23 = 4, 3 

Q=logs 4=logs 9=logs 16-1og, 25 =108с 36. etc. 

only two systems of logarithms are prevalant, 02.1 
m and Napierian system. Бог ordinary numerical 
bers are expressed in terms of logarithms to the base 
This is called the Common 


etc. are common loga- 


Ia practice 
Oommon syste 


calculations num é 
10, rst introduced by Henry Briggs. 


Logarithm, For example, 10810. 1081019, 


rithms. 4 à n 
Certain series known ЁЗ the exponential series is written as е 


which is ап incommensurable number. By taking & required number 
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of terms of the series, the value of e may be caloulated to any 
deslred place of decimals, The value of в correct to 5 places of 
decimals is 271828. When numbers are expressed in terms of log- 
arithms to the base e, they are called Napierian Logarithms after 
the name of Napier. For example, log, 15 etc. are Napierian 
logarithms, 

To convert one system to the other, the following rule according 

- to the property no. 6 is to be observed. 
For instance, lcg1o 15 =10рг 15X1ogioe-log, 15 xlogio 2°7183. 


Now log; 02 7188 ='4349 .*. log, 15x 4342-—1cg,,15. 


Characteristic and Mantissa 


We may state a general expression for a common logarithm in 
the form z—logion or 10° =л, in which n might have any positive 
value, integral or fractional. Then = may be of any value positive 
or negative, integral or fractional. 

For instance, let 

(1) n=1000, then log:o 1000=3, (z—3. a positive integer). 

(ii) n=240 which is greater than 1C0 but less than 1000. 

Now log;o 1000=8 and logi, 1(0=2 

.. 108109040 is>2 but <3, hence log,5940 —9--a fraction. 

(tii) n='01=10"*= -2 (z—a negative integer). ng 

(iv) n-'0004 which is greater than 1074 but less than 10 

+ logio'0004 is>-4 but <-3, hence log,90004— —4-*4 
fraction. 

Let logs o'0004= — 4 +'6021 (z= а negative integer +a fraction). 

The integral part of the logarithm of a number is called the 
eharacteristic and tha decimal part is called the mantissa. Thus 
tang log10 240=2'3802, its characteristic is 2 and mantissa is 


Henceforth for all common logarithms to the common base 10 
would not be written for convenience. If two numerical quantities 
have same integers arranged in the same order but differing only 
in the position of the decimal point, then for the logarithms of the 
two numberg, the mantissa рать would be equal. It is only the 
difference in characteristics which makes the difference in the 1081" 
tion of the decimal point. For instance, 


log 1234 —log 193'4 + lcg 10= 106 15°34 + =Icg 1:934 + log 1000: 
-]og 71934 + log 1000, by qs NE me el 

Hence if log 1284-30918; then log 193'4=log 1934-10 10 
=3'0913-1=2'0913, log 12°34 = [0р 1934 -log 100= 3 0913 ~ д= 
10913 ete. 


Therefore of the number J234 w 
point the mantissa is always ‘0913. 
decimal point, then the characteri 
example, 

log 1234 = Іов *1234 + log 10* =Jog ‘0934 + log 105 = log 1001284 

log 10°. 


herever might be the decimal 
If the number begins with ё 
stice becomes regative, For 


LCGARiTHMIO CALCULATIONS 42T 


. Hence log `1284=1ов 1933-log 10*=30913-4=-1+ ў 
log `019234 = 108 1234 — 108 105 =3'0913- 5 = – 2 +70913 ; log оя 
=1ср 1934 – log 10% = 30913 - 6 = — 3 + 0913 etc. 

If tke characteristic becomes negative, ib is customary to repre- 


sent ib by the symbol bar upon it. Thus _ 
—{+'0913=10913; -8+ 0913=3(913 eto. 


Method of chocsing Characteristie 
There are two principal features for the choice of the charac- 
teristic pars of tho logarithm of a number. viz, numbers greater 


than unity and numbers less than unity. 
(i) Numbers greater than unity—Oonsider the values of the 


following logarithms 
log 170: 108=10=1; log 100= 2 ; log 1000-3 ; log 10* =4 

It is clear from these identities that the iogarithm of а number— 

(a) between 1 and 10 lies between 0 and ?- That is the loga- 
rithm of a number containing 1 digit as its integral part is O + a. 
positive fraction. Hence its characteristic is 0 

(b) between 10 and 100 lies between l and 2. That Totha: 
logarithm of a numter containing 9 digits вв its integral part is 
1+а positive fraction. Hence its charecterietio is 1, 

(c) between 100 and 1000 lies between 2 and 3. That is the 
logarithm of в number containing three digits as its integral part is 
9-2 positive fraction. Hence its characteristic is 2. 

In a similar way ib can be proved that the logarithm of a number: 
containing т digits 88 its integral parb will have its characteristic 


(n-1). 
(ii) Number less than unity—Consiger again the values of the 


following logarithms. _ 
log 1=0; log 17 =1=1; 108 '01= _9=9; log 001— —3-3 ete. 
I5 is olear from these identities that the logarithm of а number 
`1 and 1 lies between 1 and 0. That is the logari- 
thm of а number having DO Zzero just after the _decimal point is 
i-a positive fraction. Hence its characteristic is 1 

(b) between ‘01 and `1 lies between 9 and I. That is the log- 
arithm of & number havirg One zero aiter _decimal point is +a 
positive fraction. Hence its obaracteristio ia 2 _ 

(o) between *001 and ‘01 lies between 3 and 2. That is the log- 
arithm of & number having two zeroes after decimal point is ELI 


positive fraction, Hence iba characteristic is 3. 
In o similar way it oan be proved that if there are п zeroes 
the characteristic i8 л +1, 


ntissa from Log-Tab'e 
for the logarithms of all numbers which have the 
same significant digits arranged in the came order are the fame- 
Hence the position of decimal point does not effect the mantissa of 
the logarithm of & number. For instance, numbers £345, £84 5, 9345 
9'345 have the same mantissa. 
The logarithms fo the base 10 of all integers frcm 0 to 900.000 
have been evaluated. In ordinary four figure logarithmic charts, as 


decimal point, 


Finding ma 
The mantissa 
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„given on 430-31 the mantissa of the logarithms from 0 to 9939 
have been supplied and the characteristics are to be put down by 
ingpechion. 

The firat vertical column supplies the first two digits. The noxt 
series of columns from Oto 9 supply the third digit whatever it 
might be. The second series о! columns from 0 to 9 gives the fourth 
digit. The value correspondiug to all the given four digits supplies 
the value of its logarithm. Suppose that we want to find log 3156 
‘rom the log chart. The first two digits are 84 and from the first 
vertical out of which we shall pick out that one which is in column 
No Б of the first series correspoading to 5 as the third of the 
number 3156. The number in this column reads 5378. For the fourth 
digit 6 of the number, look to the second series 0 to 9 and fiad the 
value corresponding to 6 on this line. 16 is found to be 8, which 18 
to bo added to 5378 to веб 5383. Then 5336 is the mantissa of log 
3456. Since the number consists of 4 digits, the characteristic is 9* 
Hence fiaally, log 3453 = 35336. 


Anti-Logarithm Ў 

The number equal to the value of а logarithm is called its anit: 
dogarithm. Thus if log 24°65=13918, then antilog 1°8918=2465. 
Transformation of ordinary numbers into logarithm to the base 10 
is the funotion of the log-chart. while the reverse transformation O 
logarithmic quantities to ordinary numbers is done by antilogaritbm 
chart. As we have also the integral and decimal parts of an anti- 
iog number. 


‘To use Antilog Table 

The decimal part of an anti-logarithmic number is only to be 
found from the table given on pp. 439-33. The integral part of the 
number determines the position of the desimal point. Finding 9 
number from this tabls is similar to that of the log-bable. For 
example, to find antilog 2140, see from the antilog table the number 
‘corresponding to ‘140 which is found to be 1330. Now exercise 
your judgment in the following way 

, entilog 2=10°=100: an‘i-log 3=10* —1000 

.. antilog 3140 would be a number lying between 102 and 


1000, but the digits that we have got are 1380. Незсә unless we .. 


Pub the decimal point after thr ds i к Е 
поб be greater than 100 but fees тни 7 np tS 
. v. anti log 9:140 — 13870 
I is cla: Shai in case of an integer т in an anti-log number the 
deci па! point is бо be placed in its value after (л + 1) digits. 
Again, take the case of anbilog 3'921. Find the Value of ‘921 
from &nti-log table which is 8318, 
Now anti-log 9 =10- = "01 and snti-log 3=107° = 001. 
anti log 3922 lies batween anti-log 3 and anti-log 2, remembering 
that 99212 —8 +'921= -2°079. - 
Hence, for the digits 8318 to lie between ‘01 and '001, it must 
be written as 00:318 
2 anti-log 3 991 = 00:318. 
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e is an integer, n in anti-log 


| In a similar way we see if ther 
before it after the decimal peint. 


number. there would be (n — 1) zeroes 


| 
| Illustrative exemples 


| To avoid confusion, the following examp 
various ways of using iog and anti-log tab!es given a 


(1) Evalute, 3242 x 1-414 x 0048 X 104'8 


Jes have bren worked out to ilinstrate- 
t the end of this chaptar. 


From anti-log table, 


From log-table, 
log 32:42= 1:5108 *8628— 2305 
log 1:414 = 071404 во, anti-log 1:8628— 23 05 
Нерсе the reqd. product— 23:05 


log 00483812 
log 1018 2.0204 
By addition 1 8628 
3:14 x 14? X168 
| 1 
(3) Evaluate igg x679 


From log-'able, 

numerator denominator Hence by subtractiom 
log 814— 4869 log 1143 =20581 26144 Р 
log 14 = '1461 log 629=1°7987 3 8568 

log 1'4 = ‘1461 By addition 3 8568 26176 


log 16°8=1'2353 
By addition 2 0144 
From anti-log table, 
anti-log 3:1516 ='01437 = required value 
(д) Evalua'e, T5364 


denominator Hence by subtraction, 


From log-table 
numerator log 14°3= 11553 0:0000 
log 1=0 log '84=0 0943 12498 
By addition 1'2496 2/7504 
From anti-log-table 
anti-log "1504 «05675 = required value / 
à) yasa (0) vse (i) cosi (iv) 01377 


| (4) Evaluate, 


G) log 45532108 3825 
Jog 982-15891 .': 


=} log 862 


4 log эв = 18821 = “3164 


anti-log ‘3164 -9'071 5/8892 = 27072 
(ii) log 15763 =? 108 56=3 х '7482='2188 


anti-lcg :3188—1:686 .'. 756? —1:695 


—231 Д 8 8808 
* iii) 108 370091= 3 lg 00247 —,— 
Now P8017 —8+:8802= -26198 `. m —*8733 


Again —'8183= -14-1267 = 119207 
Antilog 119671= "1889 .'. 5002—1839 


*(у) log '0: g 5-45 log '012— — 55 x 20793 
Now $0195 19208 ^ -15X (178208) 10348 


anti-log 10343 =10'82 012151083 


aan ОЁ multi "n n » 
*During the process of multiplication and division, numbers with ; barred 
into ordinary negative numbers. Again. these 


quantities should be transformed 
may be ro-trensformed into barred quantities. 
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16 20 23 

1518 22 

14 18 21 

14 17 20 

131619 
Q|13 16 19 
1215 19|22 
12 14 17 |2 
111417 
111417 
111416 
1013 16 
101315 
101215 
912 14 
EN 

1113 
_81113 
81113 
81012 
81013 
911 
9 11 
910 
810 


e| 
оо соі 
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NATURAL LOGARITHM 


7810] 7818 
788217389 
7952 |7959 
8021 |8028 
8089 |8096 
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877418779 
8831 |8837 
8887 |8893 
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ANTI-LOGARIT HM 
8 9 (123/456 
1019| 1021 |oo I |1 1 1 
1042| 1025100 1|11 1 
1067|1069|]00 1|11 1 
1091|1094 [oo 1| 1 1 1 
1117 [13119 |o 1 1|112 
1123| 1126]01 1| 112 
1169|1172]01 1|112 
119711199]01 1|112 
1225| 1227 lo s 1[1 12 
1253|1256101 I1|112 
1252|1285|]o 1 1|112 
1312 |1315|]01 1|122 
134311346 [0 1 1|122 
1374| 137710 1 1|122 
140511409 [OT 7|122 
1439 | 1442101 1| 122 
1472|1476|]o 1 1|122 
1507|1510]01 11122 
1542| 1545 |or 1|122 
1578|1581j01 1|122 
1614|1618]01 1/122 
1652|1656]0 1 1|22 2 
1690 |1694 [or 1|222 
1730 |1734 [0 1 1|222 
1770 |1774 Jo 1 1|222 
1811|1316101 1|222 
185411858 [01:|223 
189711901 [011|223 
1941 |1945 [011223 
1986 | 1991 [от 1|223 
2032 | 2037 |01 1|223 
2080 | 2084 |51 1|223 
2128 |2133 [0111223 
2178 |2183 [0111223 
2228 |2234|112|233 
2280|2286|112|233 
2333|2339|112|233 
2388|2393|12 2|233 
2443|2449 |11 2]233 
2500|2506|112|2533 
2559125641112|234 
2618 |2624 |11 2|234 
2679 |2685 |1 1 2|234 
2742 |2748 |11 2|334 
2805 |2812 |11 2|334 
2871|2877|112|334 
2938 |2944 11 12|334 
3006|3013 |11 2|334 
3076 |3083 11221344 
3148 3321344 
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PP hee 


1 [з 
3170/3177 
3243 | 3251 
3319|3327 
3396 | 3404 
3475 | 3483 
3565 
3648 
3733 


09, 
4 
4088 
4285 
4385 
4487 
4592 
4699 
4808 
4920 


£152 
5272 
5395 
5521 
6. 
28 
5916 
214053 
[2571 
6336 
6486 
6637 
15702 
6950 
7112 
7278 
7447. 
7621 
7798 
7980 
8166 
8356 
8551 
8750 


8954 


9376 
9594 


2 


P.P./28 


9162 |9 


957 
9795 |9817 


MATHEMATICAL TABLES 


3819 |35: 
3908 | 50: 


5035 |5047 


ANTILOGARITHMS 
4|sle]|vT[sT[]pes45se 
3192 |3199| 3206 | 3214|3221/3228 | 112|3 4 4 
3266 | 3275 | 3281 | 3289 | 3296 | 3304 3415 
3342 | 3320 | 3357 | 3365] 3373 | 3381 345 
3420 | 3428 | 3436 | 3443 | 3451 | 3459 345 
3499 | 3508 | 3516 | 3524 | 3532 | 3540 345 
3581 | 3529] 3597 | 36c6 | 3614] 3622 345 
3664 | 3273 | 3681 | 3690 | 3695 | 3707 345 
3750 |3758 | 3767 | 3776 | 3784 | 3793 345 
3837 | 3346 | 3855 | 3864 | 3873 | 3882 445 
3926 | 3936 | 3945 | 3954 | 3963 | 3972 455 
4018 | 4027 | 4036 } 4046 | 4055 | 4064 456 
4111 [атат |4130 [4140| 4150/4159 456 
4207 |4217 |4227 | 4235 | 4246 | 4256 456 
4305 | 4315 |4325 |4335 |4345 |4355 456 
4406 | 4416 | 4426 | 4436 | 4446 | 4457 456 
4508 | 4519 / 452914539] 4550| 4560 456 
4613 | 4624 | 4634 |4545 on 4657 314 5 6 
4710 | 4721 | 4732 | 4742 14753 |4704 |4775 457 
4831 | 4842 | 4853 | 4864 | 4875 | 4887 467 
4042 |4955 496° 14977 4989] 5000 567 
2058 | {070} 5082 17093 5105 |5117|12 3:1 6 7 
5175|5188 | 520с | 5212 | 5224 | 5236 567 
5297 | 5329 | 5321 } 5333 | 2346 | 5358 56 7i 
5420 | $433 | 5445 15453 | 5270 | 5483 568 
5546 |5559 | 5572 | 5585 | 5798 | 5610 568 
5575 | 5689 | 5702157155728 | 5741 57 A 
5808 |2321 | 533415848 | 5861 | 5875 354.8 
5943 |5957 | 5979 15284 | 5298 | 6012 5.7.8 
боб |€055 | 6109 [0124 |6136 6152 67 8 
6223 | 6237,| 6252 16265 116295 67€ 
6352 | 6383 | 6397 | 6412 | 6427 |6442 679 
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TABLES OF PHYSIOAL CONSTANTS 
1. Coefficients of Limiting Friction 


Bubstances Co-efficients Substances Co-efficients 


Wood on wood 03 —05 Stone on stone 0'7 
Metal on wood 0'1 —02 Metal on stone 0'55- 0'65 
Metal on metal 015—083 Metal on stone 0:5 


Substance Sp. С. | Substance Sp, Gr, | Substance Sp. Gr. 
Iron 77—79 | Marble 25—98 | Alum 1°10 
Brass 84—87 | Glass Sugar 1:59 
Gold 19:32 (Orown) 24—096 | Cork '92— 26 
Copper 8:93 (Flint) 2:0-4'5 | Glycerin 126 
Silver 1048 | Sand 29—9 | Turpentine ‘87 
Platinum 217 | Paraffin Wax '87—96 | Kerosene '80 
Lead 223 | Sealing Wax 18 | Castor oil ‘97 
Gun metal 8—84 | Wood '"I— ‘9 | Olive oil '91— €8 
Oonstantan 9'88 | Wood, Ebony 11—19 | Paraffin oil '91— 93 
Platinoid 90 | Celluloid 14 | Mustard oil '8—83 


3. Young's Moduli of Common Metals 


* ЕЕС 
Subst: Young’s Modulus | Young’s Moculas 
ae dynes/cm? | Substance dynes/om? 
= Ee NN 
Copper 11x10"? Nickel 21x 10%? 
pea 21x10" Bilvor 07x10" 
panum 17x10!? Tungsten 3'6 x10"? 
i 09x10"? German Silver 11x10" 
C———————— — —— — ав, 
4 Density of Water with Temperature 
| 
Temp Density | Tem А i 
о р р У Density 
С вш/о.с, eg Sa n gm]o.c. 
0 99987 16 E 
i 99897 | 33 
g 2 18 "games | 84 -99440 
: caer ‘99828 | 36 ‘99371 
6 Bs (29 99780 | 38 ‘9930 
8 93988 | 24 ‘99732 | 40 "9922 
10 ‘99973 | 26 ‘99691 | 49 ‘9915 
12 "99953 | 28 '99626 | 44 *9907 
14 93927 | 30 ‘99567 | 46 *9898 


———— 
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5. Saturated Vapour Pressures of Water 


6. Specific Heat of Common Substances 


441 


— 
Substances Sp. Ht. | Substance Sp. Bt, | Substances Sp. Ht. 
Brass *c88 | Gold *03 Mercury “O04 
Oopper "094 | Glass 16 | Ice "Б 
Iron “119 | Marble :92 | Mustard oil "39 
Lead ‘031 | Turpentine БО | Castor oil '50 
Bilver *055 | Olive oil 47 | Bromine "51 

7. Dry end Wet Bulb Thermometers 
nw rf a 
Dry Bulb Dry Bulb Dry Bulb 
Temperature Glsisher’s | Temperature Glaisher's | Temperature Glaisher's 
in °O Faotor in °O Factor in °O Factor 
2 8 56 15 1'89 28 1'67 
3 6'26 16 1'87 29 166 
4 7:89 17 1'85 30 1:65 
5 7'28 18 1:88 31 1:64 
6 6:62 19 181 32 1:68 
1 577 20 1'79 33 162 
8 492 21 177 34 161 
9 4°04 22 175 35 1'60 
10 2:06 23 174 36 l'59 
1 202 24 173 37 1°58 
12 1:99 25 1°70 88 l'57 
13 1:95 26 1:69 39 1:56 
14 199 27 168 40 155 


__————————--—-———--—— 
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8. Boiling poin’s of Wafer with Barometric Pressure 


Barometric Boiling | Barometric Boiling | Barometric Boiling 
Pressure Point Pressure Point Pressure Point 
mm. °б mm. °б mm. g 
740 99°25 762 93°70 764 100°15 
742 99°33 T54 99°78 766 100'22 
744 £941 756 99 85 768 100 29 
746 99 48 758 99'03 770 10037 
148 99°56 760 100°00 772 10044 
750 99:68 762 100 07 114 10051 


9. Therme] Corductivities of Substances 


Oo 


Average Thermal Thermal 
Substance temp. conductivity | Substance Conductivity 
C C.3.8. | Q.G.B. 


| —Á  __.._ 
Aluminium 18 49 | Glass (crown) 2:5x107* 
Copper 18 92 Glass (flint) 20x107? 
Gold 18 0 Asbestos '6x107* 
Iron (wrought) 18 14 Fireclay 4x107* 
Iron (cast) 50 11 Ebonite 4x107* 
Mercury 18 02 Felt 09 x 107* 
Nickel 18 14 Flannel ‘28x107 
Silver 18 97 Porcelain 2:5 x 107° 
Brass 17 16 Rubter "45 х10-° 


ee S| ОВИЕ ИН - 
10. Specific Вөвівёапсев of Metals 


LEE OM eue on nemico MENS 


Sp. Resis. Temp. is Temp. 
Substance i 107^ og” Metal Bp. Ta "O 
cu S 1 
Tron (cast) 168 10 
0 | German Sil 20—40 18 
гов (wrought) 139 18: „Манае —— 44°5 18 
ees iro 18 | Phosphor 
Brass: fay Н Б Bronze 5—10 19 
e latinoid 9344 
Constantan 49 18 Tungaten 6'0 95 


— CN RN 


11, Refractive Indices for Sı dium Light 


| —— 
Substance р | Substance Wel оъ асе А 
Glass, Crown 1'48—1'56 | Water зз |с. il 1:61 
Glass, Flint — 158—196 | Turpen'ine 1,05 | Сода 7 
Diamond 2'42 | Glycerine * 147 | Paraffin oil 1:46 


э ————————Є————- 
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12, Terrestrial Msgnetic Constants 
ТЯ efe. Horizontal | Vertic: 
Place Wane Declination Inclination Intensity totaal 
С. G. S. C. G. 8. 
or vf 
North Magnetio Pole ө 90 0 N 
South Magnetic Pole 1908 m 90 0 S T p 
Aberdeen 1919 | 16 31 W | 70 89 N 163 “464 
Greenwich 1919 | 14 18 W | 66 54 N “1840 "4395 
a Oape Town 1885 | 30 15 у |56 0 5 *199 *295 
Agincourt 3916 | 6 33 у |7444 N *1599 '5854 
Rio de Janim 1908 | 8 55 W | 18 57 8 "2477 "0616 
Bombay 1915 0 41 E | 24 21 N “2587 "1659 
Calcutta 1914 | 0 23 E | 30 59 Ww *3740 "2246 
| Sydnoy 1885 | 9 30 E | 62 30 5 *268 "515 
| Potsdam 1903 | 8 28 W | 66 20 N "1880 "4989 


13  Elec'ro-motive Forces of Cells ard Internal Resiatances 
—————— M 
| Resistance Resistance 
| Cell E.M.F. ohm. б. EMF ohm. 
B'chromate 2*0 = Leclancke 15 '25—'4 
Bunsen 1'8—1'9 — Secondary 22-10 — 
Daniell 1:08 4 Weston 1018 500 
Grove 18—1'9 - Olark 1:488 500 


————————————— — 


14, Coefficients of Linear expan:ion of solids 
wae Se eee 


Ocefficionts Coefficients 
Substance x10-° Substances x107¢ 
| < 
Aluminium 23 Iron 114 
Brass 19 Platinum 9'0 
Copper 17 Silver со 
Glass 8'3 Tin 23 


Boiling Pt. 
°C 


Substance Substance 
Cel —— 
Alcohol 78 Ether 35 
Auiline 182 Glycerine 290 
Ghloroform 61 Mercury 857 
Water 106 Turpentine 158 
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16. Coefficients of cubical expansion of liquid 


Coefficients | Coefficients 
Substance x107* | Substance x107* 
| 
Alcohol 11'9 Olive oil 70 
Aniline 20 | Sulphuric Acid 95 
Glycerine 50 | Turpentin o7 
Mercury 18 | Water 2°08 


17. Critical Angles 


жила ынын E 
Oritical angle | Critical angle 
Substance degree Sutstance degree 
(average) | 
| - oe 
Crown glass 41° | Water 48°80" 
Flint Glass 87° | Glycerire 44°30" 
Diamond 24° Paraffin 44°13) 


———— 


